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PREFACE   TO   THE   SECOND   EDITION 

Owing  to  the  frequency  of  nerve  injuries  during  the  great 

war,  increasing  attention  ha3  been  directed  to  the  subject 

of  their  diagnosis  and  treatment.  It  is  probable,  moreover, 

that,  for  many  years  to  come,  neurologists  and  orthopaedic 

surgeons  will  alike  be  kept  busy  with  the  study  and  treat- 
ment of  the  various  disabilities  resulting  from  such  nerve 

injuries. 

The  present  work,  based  upon  our  personal  experiences, 

was  written  and  pubHshed  originally  in  1916,  at  a  time 

when  one  of  us  was  on  foreign  ser\'ice.  The  inevitable 
difficulties  of  communication,  due  to  war  conditions,  may 

perhaps  be  an  excuse  for  some  of  the  deficiencies  in  the 

first  edition,  of  which  we  are  only  too  conscious. 

This,  the  second  edition,  has  been  largely  re-written 

in  the  light  of  further  experience,  and,  we  hope,  improved. 

We  trust  that  it  will  continue  to  be  helpful,  not  to  the 

expert  neurologist,  to  whom  many  of  the  facts  herein 

stated  may  appear  elementary  in  their  simplicity,  but  to 

the  wider  circle  of  physicians  and  surgeons  who  may  have 

had  a  less  extensive  experience  of  such  injuries. 

In  a  combined  work  by  two  authors  it  is  difficult  to 

avoid  overlapping  on  the 'one  hand,  or  gaps  on  the  other, 
and  to  secure  that  continuity  of  thought  which  is  so  de- 

sirable. For  all  the  defects  of  this  kind  each  of  us  wilhngly 

accepts  the  blame,  whilst  yielding  the  praise  (if  any  !)  to 
his  collaborator. 

J.    P.    S. 

A.    E. 
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NERVE  INJURIES  AND 
THEIR  TREATMENT 

CHAPTER   I 

A  PERIPHERAL   NERVE 

Structure. 

A  nerve  is  composed  of  a  number  of  nerve-fibres  ;  each 
nerve-fibre  consists  of  an  axis-cylinder,  enwrapped  in  a 
medullary  sheath  which  is  enclosed  by  the  neurilemma. 

The  axis-cylinder,  made  up  of  fine  nerve-fibrils,  is  a  pro- 
longation of  the  nerve-cell  body,  and  it  extends  uninter- 

ruptedly from  that  cell  to  its  termination  at  the  periphery  ; 
it  degenerates  as  soon  as  its  connexion  with  that  cell  is 
interrupted. 

The  medullary  sheath  is  a  structureless  substance  com- 
posed of  myehn,  a  phosphorized  fatty  material. 

The  neurilemma,  or  nucleated  sheath  of  Schwann,  is  a 

thin,  toughish  membranous  layer  which  encloses  the  soft 
substance  of  the  medullary  sheath  ;  on  the  inner  surface 

of  the  neurilemma,  and  partly  embedded  in  the  medullary 
sheath,  nuclei  occur  at  regular  intervals. 

Midway  between  these  nuclei,  interruptions  occur  in  the 

medullary  sheath  ;  these  are  produced  by  the  neurilemma 

dipping  in  towards  the  axis-cylinder.  The  medullary 
sheath  on  either  side  of  the  interruption  is  somewhat 

swollen,  so  that  the  nerve-fibre  presents  a  nodular  appear- 

ance, and  this  region  of  the  nerve-fibre  is  called  '  the  node 
of  Ranvier.' 

1 



2   Kerve  injuries  and  their  treatment 

The  neurilemma  between  two  nodes  of  Ranvicr  is  to  be 

regarded  as  a  single  cell,  or  neuroblast,  the  substanee  of 

whieh  has  been  thinned  out  and  wrapped  round  the  medul- 
lated  fibre.  The  nucleus  of  this  cell  is  that  oval  nucleus 
which  lies  on  the  inner  surface  of  the  neurilemma  and  is 

embedded  in  the  medullary  sheath. 

In  a  peripheral  nerve  the  nerve-fibres  run  in  small 
circular  bundles  known  as  funiculi ;  each  funiculus  has 

an  investing  sheath  of  connective-tissue  composed  of 
thin  lamellae  of  white  fibrous  tissue — the  perineuiium ; 

within  the  sheath  the  nerve-fibres  are  supported  by  loose 
connective  tissue — the  endoneurium.  Large  nerves  consist 
of  several  funiculi ;    between  these,  and  surrounding  the 

Axis  cylinder  composed  of 
a  bundle  of  neuro-fibrils 

Fig  _1.   A  NORMAL  IfEKVE-FIBRE. 

whole  nerve,  is  a  large  amount  of  loose  areolar  tissue 

containing  numerous  fat  cells  ;  in  this  tissue  run  the  blood- 

vessels which  supply  the  nerve-structure,  sensory  nerve- 
fibres  which  are  distributed  to  the  nerve-trunks  (nervi 
nervorum),  and  lymphatics ;  to  this  loose  connective 
tissue  the  name  epineurium  is  given. 

A  mixed  nerve-trunk  contains  motor  and  sensory  fibres 

belonging  to  the  cerebro-spinal  nervous  system ;  these 

are  '  medullated,'  i.e.  possess  a  medullary  sheath.  It 
sometimes  also  contains  non-medullated  fibres,  both 
afferent  and  efferent,  belonging  to  the  vegetative  nervous 

systems. 
The  axis-cyhnders  of  the  motor  nerve-fibres  have  their, 

origin  in  the  anterior  eornual  cells,  and  they  pass  out  from 
the  spinal  cord  along  the  anterior  nerve  roots. 

The  efferent  spino-ganglionic  fibres  arise  from  the 
nucleus  sympatheticus  in  the  lateral  horn  of  the  spinal 
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cord,  and  emerge  through  the  anterio
r  roots.  They 

terminate  in  a  sympathetic  gangUon,  f
rom  whose  cells, 

in  turn,  the  axis-cyhnders  of  the  fine  
efferent  vegetative 

fibres  in  the  peripheral  nerve  originat
e. 

The  axis-cyhnders  of  the  sensory  nerve-f
ibres  originate 

in  the  nerve-cells  of  intervertebral  gangha  o
n  the  posterior 

spinal  roots. 

Functions. 

1.  Efferent  motor  fibres  convey  motor  imp
ulses  to  the 

muscles. 

9  Efferent  vegetative  fibres  convey  v
aso-motor  im- 

pulses to  the  blood  vessels  of  the  corresponding 
 nerve-area, 

and  secretory  fibres  to  the  glands  of  the 
 skm. 

3  Sensory  fibres  convey  sensory  impre
ssions  from  the 

periphery;  these  impressions  are  di
verse,  and  may  be 

represented  diagrammatically  thus 
 :— 

■J"^^    LIGHT  TOUCH   (Cotton   Wool)- 

Joinl 

Fig.  2.— Diagram  of  a  sensoby 
 neeve. 

There  are  three  main  classes  of  sensi
bihty  : 

A.  Deep  sensibility,  recognizing  de
ep  pressure,  pressure- 

pain,  joint  sensation,  active  muscl
e-sensation,  and  vibration 

sensation. 
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B.  Protopathie  cutaneous  sensibility,  recognizing  pain- 

ful cutaneous  stinuili  :  pin-prieks,  faradic  stimulation, 
and  extremes  of  heat  and  cold.  (These  sensations  are 

probably  conducted  by  the  non-mcdullatcd  nerve-fibrcs.) 
C.  Epicritic  cutaneous  sensibility,  recognizing  light  touches 

(e.g.  cotton  wool),  cutaneous  localization,  and  finer  differ- 
ences of  temperature. 

4.  A  nerve  exerts  a  '  trophic  '  influence  on  all  the 
structures  to  which  it  is  distributed,  and  the  nature  of 

this  influence  on  muscles,  skin  and  its  appendages,  joints, 

and  occasionally  even  the  bones,  is  demonstrated  by  the 

changes  which  occur  when  the  nerve  has  been  interrupted. 

(See  p.  7.) 

A   DIVIDED   NERVE 

Alteration  ix  Structure. 

Soon  after  a  nerve  has  been  divided,  its  peripheral  end 

degenerates.  This  process  is  essentially  a  cellular  regres- 
sion, occurring  in  a  chain  of  neuroblasts  which  have  been 

deprived  of  their  normal  physiological  function  of  con- 
ducting nerve  impulses. 

Drops  oP  myelin, the  remains  Multiplied 

""^of  medullary  sheabh  ^^'''  nuclei 

I 

Disappearing',^  Granular   protoplasmic  mass 
axis  cylinder  replacing  the  myelin 

Fig.  3. — A  degenerating  nerve -fibre. 

The  medullary  sheath  shows  the  first  sign  of  degenera- 
tion, and  becomes  broken  up  into  a  mass  of  fatty  globules, 

which  are  ultimately  absorbed  ;  this  change  in  the  myelin 

is  accompanied  by  a  similar  change  in  the  axis-cylinder, 
which  becomes  broken  up  and  ultimately  disappears. 
All  that  then  remains  of  the  nerve-fibre  is  the  neurilemma 
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sheath,  the  nuclei  of  which  have  multipHed,  filled  by  a 

protoplasmic  mass. 
The  degeneration  takes  place  simultaneously  along  the 

whole  length  of  the  nerve  distal  to  the  section,  and  the 

rapidity  and  completeness  of  the  process  is  in  no  way 
influenced  by  the  immediate  suturing  of  the  cut  ends  of 
the  nerve. 

To  the  naked  eye  the  proxi- 
mal end  of  a  cut  nerve  usually 

presents  a  bulbous  end  which 

is  hard  on  palpation  ;  the 

distal  end  is  generally  smaller 
than  normal.  Usually  both 
ends  become  involved  in  scar- 

tissue  uniting  one  to  the  other, 

and  both  to  the  surrounding 
structures. 

Alteration'  ix  Functiox. 

1.  Motor.  The  muscles  sup- 
plied by  the  nerve  are  at 

once  paralysed  ;  by  the 
seventh  day  they  cease  to 
respond  to  the  faradic  current, 

and  by  about  the  tenth  day 
a  change  takes  place  in  their 

response  to  the  galvanic 
current.  (See  Reactions  of 

Degeneration,  p.  23.) 

2.  Sensory.    The  sensory  area 
exclusively    supphed    by   the 
cut     nerve     can     no     longer 
transmit    impressions    to    the 
not    only    to    the     cutaneous 
distribution   to   muscle,    tendon 
Fig.  2.) 

Fig.  4. — Photograph  of  a 
completely  divided  sciatic 

NERVE  (exact  size).  The  upper 
end  of  the  photograph  is  the 
proximal  end  of  the  nerve.  The 
two  ends  are  connected  by  dense 
fibrous  tissue.  Xote  the  slightly 
bulbous  ending  of  the  proximal 
segment ;  also  the  differentiation 
of  the  nerve  into  external  and 

internal  popliteal  divisions — the 
upper  being  the  external  popliteal 
nerve.  The  funiculi  stand  out 

clearly  in  the  cross  section,  this 
being  particularly  obvious  in  the 
internal  popliteal  nerve. 

cerebrum ;     this     applies 
distribution,    but    to    its 

bone,    and   joint.     (See 
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YiG.  5. — The  hands  of   a   soldier  whose   right  upper  arm  had 

BEEN    WOUNDED,    WITH     DIVISION    OF    THE    MEDIAN     NERVE     AND     SEVERE 

cojiPRESSiON  OF  THE  XTLNAR  NERVE.     The  picture  shows  marked  wasting
 

of  the  right  thenar  and  hypo- 
thenar  eminences,  increased 

growth  and  curvation  of  the 
nails,  and  wasting  of  the 

finger-pads. 

Fig.  6. — Foot  of  a  soldier 
shot  through  the  right 

buttock  with  injury  to 

the  external  popliteal 

NERVE,  showing  delayed  de- 

squamation over  the  anaes- 
thetic area — the  outer  sur- 

face of  the  leg  and  the  dorsum 
of  the  foot. 
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3  Trophic.  The  muscles  atrophy  (Fig.  5),  unless  
by 

massage  and  electrical  treatment  their  
nutrition  be 

maintained  ;  the  epithehum  in  the  insensitive  
area  does  not 

desquamate  at  the  same  rate  as  that  over  the  
normal  skm, 

and  scales  adhere  to  the  surface  (Fig.  6). 

In  testing  for  loss  of  protopathic  sensibility  it 
 will  be 

Fig  7  -Paralysis  or  the  ulxak  nebve.  Note
  the  '  trophic  ulcers 

on  the  uhiar  sides  of  the  little  and  ring  fingers.  
These  originated  m  bums 

produced  by  the  patient  resting  his  hand  u
pon  a  radiator,  unconscious 

that  it  was  hot. 

noticed  that  pin-pricks  bleed  more  readily  in  the  anae
sthetic 

area  than  in  the  adjoining  territory,  and  leave  red  spot
s 

which  may  persist  for  days. 

In  long-standing  cases  the  skin,  especially  of  the  fingers, 

becomes  thin  and  atrophic,  with  a  smooth,  shiny  sur
face 

—the  so-called  '  glossy  skin  '  ;    the  nails  become  longi- 



8     NERVE   INJURIES   AND   THEIR  TREATMENT 

tudinally  striated  and  markedly  curved  from  side  to  side ; 

the  finger-pads  are  wasted,  and  the  finger-tips  taper  to  a 
point  ;  sometimes  there  is  a  horny  thiekening  of  the 

epidermis  in  the  al'lected  area  (hyperkeratosis).  There 
may  be  exeess  or  diminution  of  sweat  in  the  affected 

territory  of  skin. 
Areas  of  skin  which  have  lost  protopathic  sensibility 

are  particularly  liable  to  injury  ;  it  is  not  uncommon  to 
find  ulcers  present  in  these  situations,  for  being  insensitive, 
warnings  are  unheeded  and  trauma  results  (Fig.  7) ;  and 
indeed,  traumata  too  trivial  to  be  followed  by  any  lesion  of 
healthy  skin,  under  these  altered  conditions  may  result  in 
inflammation  and  destruction  of  tissue. 

Fig.  8. — A  primitive  eistd-buxb. 

Longitudinal  section  of  '  primitive 
end  bulb  '  in  cat  s  sciatic  nerve, 
twentj^-four  hours  after  its  divi- 

sion.* A.  Trunk  of  Nerve. 

B.  '  Mushroom.' 

RECOVERY     OF     A 

DIVIDED  NERVE 

Its  Structure. 

At  the  end  of  three  weeks 

new  axis-cylinders  are  formed 
within  the  neurilemma- 

sheaths  by  the  deposition  of 
a  thin  thread  along  one 

side  of  a  spindle-celled 
neurilemma-cell ;  this  thread, 
which  is  beaded  at  first, 

grows  in  length  until  it  links 
up  with  the  thread  above 
it ;  then  a  lower  thread,  also 

secreted  by  a  neurilemma- 
cell,  links  up,  and  so  on. 

Thus  the  process  of  regene- 
ration proceeds  from  the 

central  end  outwards. 

*  From  Ba,llance  and  Parves  Stewart's  Healing  of  Nerves,  1901. 
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The  new  medullary-sheath  makes  its  appearance  about 
the  fourth  week,  when  it  too  is  laid  down  by  a  process  of 

secretion  along  one  side  of  a  neurilemma-ccll. 

Fig.  8  is  a  longitudinal  section  through  a  cat's  sciatic 
nerve,  twenty-four  hours  after  it  had  been  divided,  and 
left  unsutured.  It  shows 

the  primitive  end-bulb 

or  '  mushroom,'  already 
formed  in  the  proximal 

stump. 
The  changes  in  the 

primitive  end- bulb  are 
shown  in  Figs.  9  and  10. 

Fig.  9  is  a  longitudinal 

section  through  a  proxi- 
mal end-bulb  several 

months  after  the  nerve 
had  been  cut  across.  In 

this,  new  nerve-fibres 
have  been  secreted  by 
the  neurilemma  -  cells 

originally  present  in  the 

primary  'mushroom,' 
formed  at  the  time  of 

the  injury.  Fig.  10 

shows  how  '  new  axis- 
cylinders  are  intertwisted 

and  coiled  in  all  direc- 

tions,' unable  to  hnk  on 
with  those  in  the  distal 

segment. 

The  same  process  takes  place  in  the  primitive  end-bulb 
and  in  the  distal  segment.  In  the  scar  tissue  intervening 
between  the  proximal  and  distal  segments  the  same 
process  is  effected  by  the  action  of  spider-hke  neuroblasts, 
cells  which  are  identical  with  the  prohferated  neurilemma- 
cells. 

Fig.  9. — Longitudinal  sectiox 
through  the  proximal  exd-bulb 

of  a  hu3ian  kerve  after   di%t:sion'. 
(X4.) 
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The  same  process  of  regeneration  takes  place  whethe; 
the  divided  ends  have  been  united  or  allowed  to  rcmaii 

separated  :  in  the  latter  case,  however,  the  axis-cylinder 
and  medullary  sheaths  are  much  slower  in  making  thei 

appearance  ;  they  never  attain  to  full  maturity,  bu 
remain  permanently  in  the  incomplete  beaded  stage  ;  if 

however,  secondary   suture   be   performed   subsequently 

Fig.   10. — Transverse  section  through  proximal  end-bulb   near 

ITS  TIP,  showing  the  intertwisting  new  axis-cyUnders.     (x  120.) 

the  new  nerve-fibres  link  up,  from  above  downwards,  anc 
gradually  grow  to  normal  dimensions. 

According  to  another  school  of  observers,  regeneration  take; 

place  solely  by  the  out-growth  of  new  fibres  from  the  axiS' 
cylinders  of  the  central  cut  end  ;  the  growing  axons  findin| 

their  way  either  into  old  ncurilcmma-sheaths  or  into  the 
interstices  between  them,  and  in  this  latter  case  fresh  nucleatec 
sheaths  become  formed  around  them.  The  new  fibres  are  at  firsi 

pale,  but  afterwards  acquire  a  medullary  sheath,  and  still  late: 
a  neurilemma  with  constrictions  of  Ranvier. 
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Its  Functions. 

After  suturing  the  ends  of  a  divided  nerve,  the  various 

elements  in  sensibihty  return  in  a  definite  order  :    sensi- 

bility to  deep  pressure  returns  first,  followed  by  the  recog- 

nition of  painful  cutaneous  stimuh  (protopathic),  and  lastly 

bv  the  sensibility  to  light  cutaneous  impressions  (epicritic). 

The  process  of  regeneration,   or  linking-up,  in  sensory 
fibres  at  least,  can  sometimes  be  followed  chnically  by 

means   of  Tinels   tingling   test   (signe  de  fourmillement  i). 

We  are  all  familiar  with  the  transient  foot-drop  produced 

by  pressure  on  the  sciatic  nerve  from  sitting  on  a  hard 

bench.     When  this  pressure  is  relieved,  the  earliest  sign 

of  recovering  function  is  a  brisk  subjective  tinghng  sensa- 

tion in  the  foot,  coming  on  within  a  few  seconds  after 

the  relief  of  pressure  and  persisting  throughout  the  re- 

covery of  motor  power,  which  is  complete  within  a  minute 

or  less.     A  similar  sensation  of  tinghng  occurs  momen- 

tarily when  young  axis-cylinders  are  percussed  with  the 

finger.     Thus,   if  a  nerve   be   di%ided,   e.g.   the   external 

popliteal  nerve  behind  the  head  of  the  fibula,  and  if  we 

percuss  its  proximal  end  at  the  level   of  the  injury,  no 

tinghng  is  felt  by  the  patient.     But  if  we  wait  three  weeks 

or  so,  by  which  time  new  axis-cyhnders  will  have  been 

produced  in  the  proximal  end-bulb,  tapping  at  this  level 

will  now  induce  a  tingling  sensation.     If,   however,   the 

newly  secreted  axis-cylinders  succeed  in  growing  into  the 

distal  segment   by   a   process   of  progressive   hnking-up, 

then,  as  they  grow  downwards,  the  tingling  sensation  can 

be  produced  by  percussion  over  them.     By  the  thirtieth 

day,  the  tinghng  can  be  provoked  by  percussion  1  cm. 

below  the  level  of  the  suture  ;    about  the  sixtieth  day,  by 

percussion  5  cm.  below  the  wound  ;  about  the  ninetieth  day 

by  percussion  9  or  10  cm.  below  ;    and  so  on.     Tinel  finds 

that,  in  favourable  cases,  this  sign  of  regeneration  descends 

at  the  rate  of  about  1  mm.  to  I'o  mm.  per  diem,  sometimes 

even  more  rapidly,  in  young  and  vigorous  subjects. 
1  Tinel.     Hevue  neurologique,  1917,  p.  376. 
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If  this  tingling  sign  is  already  present,  well  below  the 
level  of  the  injury,  in  a  case  of  apparently  complete  nerve- 
paralysis,  it  indicates  that  regeneration  has  already  begun 
and  may  sometimes  save  us  from  unnecessary  surgical 
intervention.  In  testing  for  Tinel's  sign,  we  proceed  from 
below  upwards,  along  the  course  of  the  injured  nerve, 
watching  at  which  level  the  tingling  is  first  induced.  If 
we  proceed  from  above  downwards,  an  unintelligent 
patient  may  sometimes  think  he  feels  a  tingling  which  was 
due  to  percussion  at  a  higlier  level,  and  thus  give  inaccurate 
replies. 

It  is  further  observed  that  when  the  newly-formed  axis- 
cylinders  have  become  mature,  they  no  longer  cause 
tingling  when  percussed.  It  usually  takes  about  one 
hundred  days  for  maturity  to  be  attained.  Thus,  when 
active  new  axis- cylinders  have  travelled  downwards  to 
about  10  cm.  below  the  limit  of  the  original  injury,  the 
site  of  the  actual  lesion  is  already  beginning  to  lose  its- 
tingling  response  to  percussion.  By  the  end  of  anothen 
hundred  days,  the  first  10  cm.  of  nerve  below  the  lesion 
will  not  yield  tingling  on  percussion,  whereas  the  next 
10  cm.  will  do  so.  In  other  words,  in  regenerating  nerves 
we  find  an  area,  about  10  cm.  long,  in  which  Tinel's  sign 
can  be  elicited.  This  area  travels  slowly  down  the  nerve 
until  it  reaches  the  lower  end,  and  gradually  disappears. 
Tinel's  sign  precedes  the  return  of  voluntary  movement, muscles-tonus,  or  normal  electrical  reactions. 

About  the  time  that  epicritic  sensation  begins  to  reap- 
pear, motor  power  returns,  and  voluntary  power  is  usually 

first  noted  in  those  muscles  nearest  the  seat  of  the  lesion, 
followed  by  its  return  in  those  more  remote. 

The  return  of  voluntary  motor  power  is  followed,  later 
still,  by  that  of  faradic  excitability. 



CHAPTER   II 

METHODS    OF   EXAMINATION 

\  CAREFUL  history  should  first  be  obtained.  We  should 

ry  to  ascertain  the  date  of  the  injury,  the  nature  of  the 

irojectile,  if  any,  the  posture  of  the  patient,  and  the  exact 
tosition  of  the  limb  at  the  moment  of  injury.  We  inquire 

Iso  as  to  the  immediate  sensations,  if  any,  which  the 
patient  felt.  If  he  was  rendered  unconscious  at  the  time, 

l.g.  by  cerebral  concussion,  many  of  the  foregoing  ques- 
ions  will  be  impossible  to  answer.  We  then  inquire 

whether  the  symptoms  have  since  been  stationary,  or  if 
hey  have  got  better  or  worse  since  their  original  onset. 

t  is  also  important  to  know  whether  the  wound  suppurated 

r  ran  an  aseptic  course,  and  whether  any  operation  has 
een  performed,  e.g.,  extraction  of  foreign  bodies,  ligature 
f  vessels,  suture  of  nerves  or  tendons,  and  if  so,  when  ? 

I.  Sensory  Functions 

A  few  general  maxims  may  here  be  stated  : 
It  is  convenient  to  investigate  sensory  functions  first, 

'^hilst  the  attention  of  the  patient,  and  of  the  physician, 
fresh. 

We  should  not  weary  the  patient  by  too  prolonged 

ixamination,  lest,  as  he  becomes  tired  or  impatient,  his 
inswers  become  inaccurate. 

If  no  sensory  changes  are  present,  we  recognize  the 

ict  in  a  few  seconds  ;  if  changes  are  present  they  should 

e  carefully  mapped  out  on  the  patient's  body  by  a  skin- 
encil,  and  subsequently  recorded  on  a  graphic  chart. 13 
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In  the  mapping  out  of  areas  of  lost  or  altered  sensation, 

we  are  largely  dependent  on  the  patient's  intelligent 
 co- 

operation. All  sorts  of  ingenious  apparatus  have  been 

devised  for  the  accurate  measurement  of  minute  difference 

in  sensibility,  but  the  simpler  our  methods  of  examination, 

the  more  accurate  are  the  patient's  responses  likely  to  be. 

During  the  examination  of  sensory  functions,  the 

patient's  eyes  should  be  closed  or  covered,  so  that  his 

attention  may  not  be  diverted  by  watching  our  manipu- lations. 

Sensation  in  a  peripheral  nerve  is  a  complex  affair, 

comprising  three  main  classes  of  sensibility. 

1.  Deep  Sensibility,  which  recognizes  deep-pressure 

(e.g.  by  the  blunt  end  of  a  pencil);  this  pressure,  if 

excessive,  produces  a  sensation  of  pain— pressure-pain. 

It  also  includes  joint-sensation  (or  sense  of  position  on 

passive  movement),  active  muscle-sensation  (kinsesthetic 

sense  or  sense  of  active  muscular  contraction),  and  vibra- 

tion-sensation, produced  by  placing  a  sounding  tuning- 

fork  over  the  subcutaneous  surface  of  a  bone,  or  upon  a 

finger-nail. 

The  sensory  fibres,  which  conduct  these  varieties  of 

deep  sensibility,  run,  not  in  the  cutaneous  fibres,  but  m 

the  deep  afterent  fibres  from  the  muscles,  tendons,  and 

bones  (Fig.  2).  So  long  as  these  deep  fibres  are  intact,  even 

although  the  skin  be  totally  anaesthetic,  the  patient  is  able 

to  recognize  the  pressure-touch  and  pressure-pain  of  a 

blunt  pencil,  the  vibration  of  a  tuning-fork,  and  tlif 

position  of  his  joints  on  passive  movement.  j 

2.  Protopathic  Cutaneous  Sensibility.  This  recog- 

nizes painful  cutaneous  stimuh  (pin-pricks,  faradic  stimula- 

tion), also  extremes  of  cold  and  heat.  These  protopathic 

fibres  are  non-medullated  ;  they  are  the  first  to  regenerate 

after  injury  to  a  cutaneous  nerve,  so  that  as  a  peripheral 

sensory  nerve  heals,  protopathic  sensations  are  the  lust 
to  return. 

3.  Epicritic  Cutaneous  Sensibility,  whose  fibres  ai 
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the  slowest  to  recover  after  injury.     This  group  includes 
the  recognition  of  : 

(a)  Light  touches,  tested  by  cotton-wool. 
(6)  Cutaneous  localization.  This  is  tested  by  observing 

the  shortest  distance  at  which  the  two  points  of  a  pair  of 

blunt  compasses  are  recognized  by  the  patient  as  being 

separate,  the  points  being  applied  sometimes  singly,  some- 

times both  together — never  successively,  i.e.  one  after  the 

other.  The  patient  is  instructed  to  reply  '  one  '  or  '  two ' 
according  as  he  recognizes  one  or  two  points  as  being 
touched. 

(c)  Finer  differences  of  temperature — not  merely  between 

hot  and  cold,  but  between  warm  (about  38°  C.)  and 
cool  (about  24°  C). 
Each  variety  of  sensation  should  be  examined  and 

recorded  separately  ;  abnormalities  of  sensation  should 

be  marked  on  the  patient's  skin  and  then  copied  on  to  a 
chart.    ' 

When  mapping  out  areas  of  anassthesia,  it  is  better,  in 
our  opinion,  to  begin  within  the  anaesthetic  area  and  to 
work  towards  the  normal  skin,  not  in  the  reverse  direction  ; 

for  it  is  easier  for  the  patient  to  recognize  the  moment 
when  he  first  feels  a  sensation  than  to  tell  when  he  first 

loses  it.  On  the  other  hand,  when  mapping  out  areas  of 

hypcraesthesia  (excessive  sensibility)  or  of  paraaesthesia 
(altered  sensibility),  we  should  work  from  the  normal  skin 

towards  the  abnormal  area,  watching  when  the  patient 
first  notices  a  difference  in  the  sensation  produced. 

Clinical  Investigation  of  Sensation. 

The  patient's  eyes  being  closed,  we  begin  by  testing 
cutaneous  sensation.  Touch  is  tested  by  a  tuft  of  cotton- 

wool, a  soft  camel-hair  brush,  or  some  similar  substance 
which  does  not  produce  pressure.  Pain  is  tested  by 
pricking,  or  better  by  scratching,  with  a  sharp  needle  ; 

cold  and  heat  by  test-tubes  containing  ice-cold  and  hot 
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water  at  50°  C,  or  still  more  conveniently  by  a  couple  of 
metal  spoons  just  removed  from  jugs  of  cold  and  hot 

water  respectively.  Pressure-sense  is  tested  by  means 
of  a  pencil  or  other  blunt  object,  or  by  a  series  of  objects 
of  similar  size  but  dilTcrent  weights,  e.g.  a  shilling  and  a 

sovereign.  To  test  joint-sense,  first  see  that  the  limb  on 
the  proximal  side  of  the  joint  is  fixed,  then  passively  move 
the  distal  end  of  the  limb  in  a  series  of  varying  directions  ; 

finally  hold  it  in  a  particular  posture,  e.g.  flexed  or  ex- 
tended, and  then  ask  the  patient  to  tell  its  position,  or 

better  still,  to  imitate  it  with  tiie  sound  limb.  During 

this  test  we  must  be  careful  that  the  patient's  muscles  are 
relaxed,  so  that  he  does  not  move  the  joint  himself,  other- 

wise he  may  gain  information  as  to  its  position  by  means 

of  his  kinsesthetic  sense.  Vibration-sense  is  tested  by 

means  of  a  low-pitched  tuning-fork,  which  is  set  into 
vibration  and  placed  on  the  subcutaneous  surface  of  a 

bone,  or  on  a  finger-nail.  In  normal  individuals  a  char- 
acteristic vibratile  thrill  is  felt. 

Stereognostic  perception  is  not  a  simple  sensation,  but 
an  intellectual  judgment  as  to  the  shape,  consistence, 
and  size  of  a  solid  object,  without  seeing  the  object,  e.g.  a 

key,  a  coin,  a  button,  or  a  watch.  A  combination  of 
different  sensations  is  necessary  in  order  to  form  a 

stereognostic  judgment,  and  if  one  or  more  of  the  simple 
sensations  be  deficient,  we  have,  as  a  result,  astereognosis, 

more  or  less  profound. 
Abnormal  subjective  sensations  or  dysaesthesise  in  the 

territory  of  the  allected  nerve  are  often  dilfieult  for  the 

observer  to  realize,  because  it  requires  a  particularly  in- 
telligent patient  to  describe  his  sensations  accurately. 

We  usually  have  to  be  content  with  such  descriptions  as 

tinghng,  pins-and-needles,  burning,  bursting,  or  stabbing 
pains.  We  should  inquire  whether  such  dysaesthesiae 
occur  spontaneously  or  whether  they  are  provoked  by 

accessory  factors,  e.g.  by  direct  pressure  on  some  spot, 

by  coughing,  etc. 
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Types  of  Anaesthesia  in  Nerve  Injuries. 

The  area  of  anaesthesia  in  lesions  of  sensory  or  mixed 

peripheral  nerves  corresponds,  of  course,  to  the  distribution 
of  the  anected  nerve  or  nerves.  If  a  purely  cutaneous 

nerve  be  paralysed  (e.g.  the  radial  branch  of  the  musculo- 

spiral),  we  have  loss  of  cutaneous  sensations,  both  epicritic 

and  protopathic,  whilst  deep  sensibility  in  muscles,  tendons, 

and  bonts  is  still  preserved.  If  a  mixed  nerve-trunk  be 

paralysed  (e.g.  the  ulnar  nerve  above  the  elbow),  muscular 

paralysis  is  superadded  to  ansesthesia,  and  the  sensory 
loss  aitccts  not  only  cutaneous  sensibihty,  but  also  deep 

sensations  from  the  corresponding  bones,  joints,  and 
tendons. 

The  area  of  cotton- wool  anaesthesia  in  a  complete  peri- 

pheral nerve-lesion  is  always  more  extensive  than  the 

area  of  analgesia  to  pin-pricks.  But  as  we  ascend  the 
nerve-trunk  in  a  proximal  direction,  the  higher  the  lesion, 

the  more  nearly  co-terminous  do  the  tactile  and  pin- 

prick areas  become,  until  in  a  posterior-root  lesion,  close 

to  the  spinal  cord,  the  area  of  loss  to  pin-pricks  exceeds 
that  of  anaesthesia  to  cotton-wool  touches.  Thus,  the 

nearer  the  lesion  Ues  to  the  central  nervous  system,  the 

more  extensive  and  definite  is  the  loss  to  pin-pricks  ;  the 

nearer  to  the  periphery,  the  greater  is  the  loss  to  cotton- 
wool touches. 

In  cases  where  the  nerve  is  not  completely  severed,  but 

merely  compressed  by  scar-tissue  or  callus,  the  area  of 

cutaneous  loss  to  pin-pricks  may  be  more  extensive  than 

that  of  cotton-wool  loss. ' 

Another  point  of  importance  is,  that  as  a  mixed  nerve 

recovers  from  its  paralysis,  sensation  usually  returns  before 

motor  power,  and  protopatnic  sensation  returns  before 

epicritic. 

1  Core,  Lancet,  1916,  p.7l6  ;    Stopford,  ibid.,  1916,  p.  7l8. 
2 
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II.  Clinical  Investigations  of  Motor  Functions 

A.  We  commence  by  inspection,  carefully  comparing  the 
limb  with  its  sound  fellow.  The  following  points 
should  be  noted  : 

1.  The  posture  of  the  limb  or  affected  part  when  at 

rest,  e.g.  drop-wrist  in  musculo-spiral  paralysis,  drop- 
foot  in  external  popliteal  paralysis,  facial  distortion  in 
facial  palsy,  &c. 

2.  Motor  paralysis  or  paresis  on  attempted  voluntary 
movement.  Such  movement  accentuates  the  abnormal 

posture  of  the  ali'ected  part. 
3.  The  presence  of  muscular  wasting  or  of  compensatory 

hypertrophy.  After  an  injury  it  usually  takes  some  weeks 

before  muscular  atrophy  becomes  evident.  Compensatory 

hypertrophy,  if  it  occurs,  is  still  later  in  appearing. 
4.  Muscular  tremor  or  spasm. 

5.  Wounds,  cicatrices,  swellings,  or  other  deformities  of 

the  limb  or  along  the  course  of  its  nerve-trunks. 
By  means  of  simple  inspection  we  are  usually  able  to 

diagnose  the  presence  of  motor  paralysis.  Further  obser- 
vations, however,  are  usually  necessary  to  complete  our 

examination. 

B.  Palpation. 

1.  Palpation  in  the  region  of  the  wound  and  along  the 
course  of  the  suspected  nerve  will  often  reveal  the  presence 

of  a  nodular  swelling  in  the  nerve-trunk. 
The  presence  of  such  a  swelling  is  definite  evidence  of  a 

gross  lesion  in  the  nerve,  a  lesion  such  as  usually  necessi- 
tates operative  intervention. 

2.  The  bones  and  joints  of  the  affected  limb  should  be 

carefully  felt,  tracing  their  outlines  and  gently  observing 
their  range  of  passive  movement,  so  as  to  discover  whether, 

after  all,  the  deficiency  of  voluntary  movement  may  be 

not  really  paralytic  but  perhaps  due  to  mechanical  causes, 
e.g.  to  fractures  or  dislocations,  to  adhesions  or  ankylosis 
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olhet  signs,  symptoms  and  sequelae,  the  reasons  for  which 
are  not  self-evident. 

These,  which  will  be  described  in  more  detail  when 
dealing  with  the  individual  nerves,  are  now  merely  enumer- 

ated : 

1.  Spontaneous  pains. 
2.  Evoked  pains. 
3.  Altered  sensations. 

4.  Trophic  changes,  contractures,  and  deformities.  (See 
under  Median  Nerve,  p.  174.) 

I     In  some  cases  of  incomplete  division  of  mixed  nerves 
I  pain  is  a  predominant  feature  ;    this  pain  is  in  the  area  of 
i  distribution  of  the  injured  nerve  : — generally  the  median 
in  the  upper  hmb  and  the  sciatic  in  the  lower.     It  begins 
^inmiediately  after  the  injury,  or  a  few  weeks  later  ;    this 
I  area   is  usually  tender  on   palpation.     These   symptoms 
'are   sometimes  found  in  a   very  exaggerated  form;    the 
;pain  is  described   by  the   patient   as    '  like    fire   running 
jup  and  down  the  arm  '  or  '  like  knives  sticking  into  the 
flesh.'      Associated  with  this  there  is  a  general  wasting 
lof  the  skin  and  subcutaneous  tissue  of  the  affected  digits 
jand  of  the  corresponding  part  of  the  palm.      The   skin 
jis  red  and  moist,  especially  on   its   palmar  aspect,    and 
isweating  is  often  most  profuse ;  thus  in  the  patient  above 
ialluded  to,  with  '  fire   running  up   and  down   the    arm,' 
the  sweat  literally  streamed  from  the  front  of  his  chest 
and   from  his    axilla.       The    phenomena    are    essentially 
due    to    hyper-excitability    of    the    sympathetic    centres 
within  the  spinal  cord.     To  this  condition  the  name  of 
causalgia  (a  burning  pain),  or  thermalgia  has  been  given, 
and  m  cases  which  have  been  operated  upon,  the  nerve 
lias  usually  been  found  incompletely  divided  and  embedded in  scar  tissue. 

In  certain  cases  of  thermalgia  not  only  do  we  observe 
hyperaesthesia  of  the  skin  at  the  site  of  pain,  but  even  stimu- 

lation of  the  skin  at  any  other  part  of  the  body  may  in- 
iuce  intense  pain  which  is  referred  to  the  original  thermalgic 
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area 
,       This  variety  of  thermalgia  has  been  c

alled  synses- 

thes"algia.  Mere  contact  or  pressure  does  not  
excite  the 

synicstliesalgic  pain  ;  but  if  we  displace  ou
r  point  of  con- 

tact e  g  by  gentle  friction  or  tickhng,  intolerable 
 pani  at 

once  appears  in  the  thermalgic  area,  often
  accompanied 

by  intense  emotional  reaction.  Moistening  o
f  the  object 

which  is  touched,  or  wetting  the  patient's  skin  b
efore  bemg  , 

touched,  diminishesthe  tendencyto  produce  sy
naesthesalgia. 

{b)  A  Tom  or  Lacerated  Nerve. 

In  all  other  lesions  of  nerves  the  force  produc
ing  the 

lesion  is  apphed  directly  over  the  site  of  t
he  lesion,  but 

in  this  variety  the  force  is  applied  more  or  les
s  remotely, 

it  is  an  indirect  lesion.  The  only  force  whic
h  can  thus 

act  at  a  distance  is  traction,  and  such  lesio
ns  have  been 

well  named  traction  injuries. 

These  injuries  usually  affect  the  brachial 
 plexus  (see 

p  133)  When  a  nerve  is  stretched  to 
 the  breaking-point 

the  sheath  ruptures  first,  and  this  is  follow
ed,  if  the  stretch- 

ing continues,  by  rupture  of  the  nerve-fibres  ;
  the  rupture 

may  be  partial  or  complete. 

The  symptoms  are  those  of  a  complete 
 or  incomplete 

di%dsion  of  a  nerve  ;  usually  those  of  com
plete  division, 

for  though  primarily  only  some  of  the  nerve
-fibres  may  be 

torn  across,  the  remainder  are  so  damaged 
 that  degenera- 

tion ensues  ;  or  if  they  at  first  escape,  are  destro
yed  latei 

by  the  organization  of  the  blood  euused  in  the  ne
ighbour^ 

hood. 

(c)  A  Contused  Nerve. 

A  nerve  is  said  to  be  contused  when  it 
 suffers  alterati( 

or  loss  of  its  functions  due  to  trauma  apphe
d  to  the  ner^ 

or  directly  ovt-r  it,  when  such  trauma  a
oes  not  result 

anatomical  division. 

The  lesion  in  contusion  varies  within  wide
  hmits  ; 

may  be  very  severe,  amounting  to  com
plete  crushing 
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the  nerve  With  symptoms  of  complete  division.  In  less 

severe  cases  some  only  of  the  fibres  are  so  injured,  either 
by  the  trauma  or  later  by  the  organization  of  ehuscd 

blood,  that  they  degenerate,  whilst  others  only  temporarily 
lose  their  conductivity  ;  in  these  cases  some  muscles  only 

are  paralysed,  whilst  other  cases  escape,  with  '  patchy ' 
loss  of  sensation.  In  still  slighter  cases  conductivity  is 
not  lost,  or  there  is  loss  for  a  brief  period,  associated  with 

local  pain  (from  injury  of  the  nervi  nervorum),  and  numb- 
ness and  tingling  in  the  area  supplied  by  the  nerve  ;  in 

these  mildest  cases  there  is  no  gross  lesion  of  the  nerve. 

(d)  A  Compressed  Nerve. 

In  compression,  the  injuring  force  is  slowly  and  steadily 
applied. 

Pressure  over  a  nerve  gives  rise  to  unpleasant  symptoms, 
tingling  and  numbness,  which  symptoms  cause  the  patient 
to  alter  the  position  which  occasions  the  discomfort.  If, 

however,  in  spite  of  warnings  the  patient  persists  in  the 
action  which  occasions  the  discomfort,  e.g.  the  use  of  an 

improperly  made  crutch,  or  if,  owing  to  sleep  or  anaesthesia, 
he  is  oblivious  to  the  warning,  then  these  preliminary 
symptoms  are  followed  by  those  of  loss  of  conductivity 
of  the  nerve. 

In  other  cases,  where  the  pressure  on  the  nerve  is  not 

from  without  but  from  within  the  limb,  as  in  developing 
callus,  or  sclerosing  fibrous  tissue,  or  pressure  by  a  fractured 

bone  (see  Fig.  19)  or  other  bony  deformity,  degeneration  of 

the  nerve  sets  in  with  the  full  train  of  its  consequences — 
loss  of  sensibility,  motor  paralysis,  muscular  atrophy,  and 
trophic  changes. 

It  will  thus  be  seen  that  the  symptoms  vary  in  severity 

with  the  duration  of  the  compression — from  the  momen- 
tary discomfort  experienced  by  pressure,  e.g.  on  the 

ulnar  nerve  as  it  passes  behind  the  internal  condyle,  to 

the  complete  degeneration  of  the  nerve  following  involve- 
ment in  callus.  Between  these  extremes  we  have  other 

3 



34     NERVE  INJURIES  AND  THEIR  TREATMENT 

grades  of  more  or  less  severity,  with  symptoms  more  or 

less  pronounced,  dependent  on  the  dm-ation  of  the  pressure
. 

As  examples  of  injuries  through  compression,   arising^ 

immediately  on  receipt  of  trauma,  we  have  :  j 

Momentary  Pressure,  e.g.  on  the  ulnar  behind  the  internal 

condyle. 

Sleep  Paralysis,  e.g.  of  the  musculo- ' 
spiral  or  ulnar  nerve  when  the  arm  i 

is    hanging   over  the    back  of  the 

chair  or  over  the  edge  of  a  table, 

especially  if  the  head  be  pillowed 
on  the  arm. 

Crutch  Paralysis,  e.g.  when  the 

patient,  instead  of  taking  part  of 

the  body-weight  on  his  hands  by 

means  of  conveniently  placed 

handles,  lets  the  whole  weight  fall 

on  the  axillae;  here  the  musculo- 

spiral  nerve  usually  suliers,  but  the 

circumflex,  ulnar,  or  median  nerve 

may  be  simultaneously  allected. 

.  Anaesthesia  Paralysis,  e.g.  of  the 

external  popliteal  nerve  from  the 

pressure  of  a  Clover's  crutch,  or 
of  the  musculo-spiral  from  pressure 

of  the  arm  against  the  edge  of  the 

operating  table. 
It  should  be  noted  in  fairness  to 

the  anaesthetic  that  it  is  no  more 

to  blame  than  is  the  sleep  in  so-called  '  sleep  paralysis '  : 

in  both  cases  the  paralysis  is  due  to  pressure  improperly 

applied. 

(e)  A  Concussed  Nerve. 

A  nerve  is  said  to  be  '  concussed  '  when  its  conductivity 

has  been  impaired  by  trauma  in  its  neighbourhood; 

the  nerve  is  not  directly  in  the  path  of  the  foreign  body 

Fig.  19. — X-ray  show- 
ing FRACTURE  OF  FEMUR 

WITH  BACKWARD  DISPLACE- 
MENT OF  THE  LOWER  END, 

CAUSING  EXTERNAL  POP- 
LITEAL PALSY. 
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inflicting  the  injury,  and  on  examination  no  macroscopic 
change  can  be  detected.  It  is  assumed  that  a  change  has 
taken  place  in  the  nerve  analogous  to  that  occurring  in 
concussion  of  the  brain,  and  that  the  vibrations  in  the 

neighbouring  tissues,  caused  by  the  rapid  transit  of  the 
injuring  body,  have  thrown  the  structure  of  the  nerve 

into  a  state  of  '  commotion,'  which  temporarily  places  its 
functions  in  abeyance. 

The  symptoms  of  paralysis  follow  immediately  upon 
receipt  of  the  injury.  On  careful  examination  it  will 

generally  be  found  that  the  paralytic  symptoms  are  incom- 
plete, that  the  ansesthesia  is  transient  or  even  absent,  that 

the  muscles  are  paresed  rather  than  paralysed,  and  that 
the  muscles  have  retained  their  normal  electrical  reactions. 

There  is  little  doubt  that  many  cases  recorded  as  '  con- 

cussed '  nerve  are  in  reality  examples  of  '  functional ' 
paralysis. 

II.    Symptoms  occurring  subsequent  to  but 
RESULTING    FROM   TrAUMA 

These  are  all  dependent  upon  compression,  and  the 

i  compressing  force  is  either  sclerosing  fibrous  tissue,  or 
:  bony  callus,  or  the  direct  pressure  of  the  fractured  end  of 
a  bone  or  of  some  other  bony  deformity  (see  Fig.  19).  In 
i  these  cases  there  is  at  the  time  of  the  trauma  either  no 

! symptom  suggestive  of  nerve  injury,  or  slight  transient 
I  symptoms  consequent  upon  concussion  or  contusion — 

a  few  weeks  later  symptoms  of  compression  manifest 
themselves  and  progress  towards  complete  paralysis 
(p.  33). 

1  In  this  group  by  far  the  larger  number  are  due  to  the 
formation  of  sclerosing  fibrous  tissue  ;  this  fibrous  tissue 
results  from  the  organization  of  effused  blood  and  in- 

flammatory exudate.  It  is  most  important  to  recognize 
this,  for  if,  by  massage,  movements,  and  electrical  treat- 
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ment,  wc  promote  the  rapid  absorption  of  the  extra vasated 
blood  and  of  the  inflammatory  exudate,  we  shall  be  doing 

much  to  prevent  the  onset  of  this  type  of  paralysis — and  it 
is  an  exceedingly  common  one. 

To  emphasize  the  importance  of  this,  see  how  easy 
it  is  to  manufacture  a  compression  paralysis  !  Let  a 

patient  with  fracture  of  both  bones  of  the  forearm  be 
treated  with  splints  and  firmly  bandaged  ;  see  that  not 
even  the  fingers  are  free  to  move,  and  take  care  not  to 

remove  the  splints  for  a  month  or  six  weeks,  and  if  at 
the  end  of  that  time  the  hand  is  not  paralysed  it  is  due 

to  good  luck  rather  than  to  good  treatment. 
Blood  has  been  effused  between  and  about  the  ends  of 

the  fractured  bone,  has  infiltrated  the  muscles  in  that 

segment  of  the  limb,  has  invaded  the  intermuscular  planes 
and  loose  connective  tissues,  including  the  sheaths  of  the 

nerves  and  often  the  nerve  itself.  By  preventing  all  move- 
ment of  the  muscles,  both  active  and  passive,  and  by 

limiting  the  blood-supply  through  tight  bandaging,  we  have 
done  the  maximum  to  prevent  the  absorption  of  the  effused 

products  and  have  encouraged  their  conversion  into  fibrous 
tissue  ;  and  this  has  occurred  throughout  all  the  structures 

in  that  segment  of  the  limb — muscles,  intermuscular 
planes,  nerve  sheaths,  &c. 

The  resulting  condition  is  sometimes  known  as  ischeemic 
paralysis  ;  the  muscles  may  react  to  faradism  or  not,  there 

may  be  sensory  loss  or  not,  but  there  is  always  motor 

paralysis  ;  it  is  all  a  question  of  the  extent  of  the  fibrosis  ; 
there,  is  always  sufficient  in  and  about  the  muscles  to 
cause  their  contracture  and  paralysis  (partial  or  complete) ; 

there  may  or  may  not  be  sufficient  in  and  about  the  nerve 
to  cause  sensory  loss  and  electrical  changes  in  the  muscles. 

Fig.  20  is  the  hand  of  a  boy  aged  11,  seen  in  December 
1902.  Eleven  weeks  previously  he  had  fractured  his  radius 
and  ulna.  When  the  splints  were  removed  a  month  afterwards 
he  foimd  his  fingers  flexed  and  was  unable  to  straighten  them. 

The  hand  was  as  shown  in  the  photograph — fingers  extende 
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at  the   metacarpo-phalangeal  joints  and  flexed  at  the  inter- 
phalangeal  joints. 

The  fingers  were  blue  and  cold.     The  fingers  and  the  palm 
of  the  hand  were  anesthetic. 

On  exploration  the   median   and  ulnar  nerves  were   found 
adherent  on  their  deeper  surfaces  ;    there  was  no  massive  scar 
formation,  but  for  two  inches  the  nerves  were  depressed  below 
!the  level  of  the  rest  of  their  course  and  needed  a  scalpel  to 

j  free  them  posteriorly.  This  was  over  the  site  of  the  fracture — 
jas  evidenced  by  the  callus  formation.     The  nerves  themselves 

Fig.  20.— Ischemic  paralysis.  For  the.  treatment  of  a  fractured  radius 
uid  ulna  the  arm  was  sjilinted  and  tightly  bandaged  for  a  month.  It 
.vas  then  looked  at  for  the  first  time,  when  the  hand  presented  the  appear- 
mce  shown  in  the  illustration.  The  fingers  could  not  be  extended  and  were 
mresthetie.  There  was  a  diffuse  fibrositis  at  the  level  of  the  fracture — in 
nuscles,  intermuscular  planes,  nerve  sheaths,  and  nerves. 

n  this  situation  were  markedly  hardened — due  most  likely 
:o  an  overgrowth  of  fibrous  tissue  outside  of  and  between  the 
Kivous  elements.  After  operation,  sensation  and  motion 
Acre  speedily  regained. 

Another  example,  shown  in  Fig.  21,  is  that  of  a  lady  of  59 
vlio  had  sustained  a  fracture  of  the  right  forearm  at  the  age  of 
ix,  i.e.  fifty-three  years  previously.  She  said  that  the  limb  was 
or  three  days  in  tight  splints,  and  that,  until  they  were  taken 
>ff,  the  fingers  were  blue  and  swollen.     Ever  since,  the  right 
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\vrist  and  fingers  had  remained  permanently  fixed  in  a  flexed 

position. 
On  examination,  there  was  marked  contracture  of  the  right 

wrist,  which  was  flexed  almost  to  a  right  angle  and  could  not 
be  extended,  even  passively.  The  fingers  were  similarly 
contract ured,  chiefly  at  their  terminal  joints,  but  the  thumb 
was  freely  movable.  The  flexor  muscles  were  wasted  in  the 

lower  two-thirds  of  the  forearm  ;  the  surviving  upper  third 
of  these  muscles  formed  a  distinct  lump,  above  the  level  of  the 
original  splint,  contrasting  with  the  atrophied  parts  below. 
A  radiogram  of  the  region  of  the  elboAv  showed  slight  thickening 

Fig.  21. — Ischemic  Paralysis  from  splint  pressure.  M 

of  the  head  of  the  radius,  as  if  from  an  old  fracture  of  its  neck. 
There  was  no  cutaneous  anaesthesia  or  analgesia. 

This  type  of  compression-paralysis  seldom  calls  for 
operative  interference  ;  if  the  wrist  be  flexed,  the  fingers 
can  be  straightened.  The  fingers  should  be  kept  extended 

on  splints  ;  a  few  days  later  the  metacarpo-phalangeal  joints 
are  extended  and  the  palm  and  fingers  are  bandaged  to  a 
flat  spHnt  ;  the  wrist  is  now  daily  more  and  more  extended, 

and  kept  so,  on  a  splint,  until  hyperextcnsion  is  obtained. 
This  continuous  passive  extension,  interrupted  only  for 
daily  massage,  soon  results  in  the  cure  of  those  cases  in 

which  the  nerve  symptoms  are  not  pronounced.  All  the 

other  compression  paralyses,  namely  those  dependent  o 

I 
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nerve  involvement  in  scar  tissue  or  callus,  or  pressure  on 
the  nerve  by  a  displaced  fracture,  demand  operation  with 
the  least  possible  delay. 

Ischasmic  paralysis  occasionally  results  from  direct 

injury  to  an  artery  which  supplies  a  muscle  or  group  of 
muscles,  without  the  occurrence  of  any  direct  pressure 
whatever.     The  following  is  an  illustrative  example  : 

A  soldier,  aged  22,  was  wounded  in  the  left  upper  arm,  the 
entry  being  through  the  middle  of  the  biceps,  tlie  exit  at  the 
same  level,  one  inch  behind  the  brachial  vessels  and  nerves. 

Fig.  22. — An^.sthesia  in  a  case  of  ischemic  myositis, 
following  ligatuke  of  the  brachial  artery. 

When  admitted  to  hospital  ten  days  later,  the  upper  arm 
was  swollen  and  no  pulse  could  be  felt  at  the  wrist.  Movements 
of  the  wrist  and  fingers  were  weak.  No  sj^lint  or  bandage  was 
applied  to  the  forearm  at  any  period  of  the  treatment. 

On  the  thirteenth  day  after  the  injury,  secondary  haemorrhage 

occurred  from  the  exit-wound.  The  false  aneurysm  was 
accordingly  laid  open,  the  blood-clot  turned  out,  and  the 
vessels  ligatured,  above  and  below  the  aneurysm.  The  wound 

then   healed   uneventfully.     No   nerve-trunk   was   damaged. 
On  the  day  after  the  operation,  some  return  of  power  was 

observed  in  the  extensors  of  the  wrist  and  fingers.     Improve- 
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mcnt  steadily  continued,  but  the  flexor  muscles  of  the  wrist, 

fingers,  and  thumb  remained  permanently  paralysed.  Gradu- 
ally the  paralysed  muscles  developed  a  characteristic  hard, 

doughy  consistence.  All  the  other  muscles  of  the  arm,  forearm, 
and  hand  were  normal. 

Two  months  after  the  original  injury  the  motor  disability 

remained  unchanged.  To  pin-pricks  there  was  analgesia  of 
the  hand  from  the  wrist  downwards.  To  cotton-wool  touches, 
anteriorly,  there  was  anaesthesia  below  a  level  two  inches  above 

the  w'rist,  whilst  posteriorly  sensation  was  lost  only  from  the 
knuckles  downwards  (Fig.  22).  Small  blisters  formed  occasion- 

ally on  the  dorsal  surfaces  of  the  terminal  phalanges. 
To  faradism  or  galvanism  no  reaction  could  be  obtained  in 

the  paralysed  long  flexors  of  the  wrist,  fingers,  or  thumb, 
whereas  all  other  muscles  of  the  limb  reacted  normally. 

III.    Symptoms  occurring  independently  of  any 
KNOWN  Trauma 

These  may  be  divided  into  two  classes  : 
(a)  Consequent  upon  compression  slowly  produced  as 

by  new  growths,  aneurysms,  or  a  cervical  rib.  The 

commonest  example  of  nerve  paralysis  produced  by 
pressure  of  an  aneurysm  or  new  growth  is  that  of  the 

recurrent  laryngeal  nerve  (see  p.  119).  For  an  example 
of  nerve  injury  consequent  on  the  pressure  of  a  cervical 
rib  see  p.  152. 

(b)  The  other  group  consists  of  various  forms  of  peri- 
pheral neuritis.  In  these  the  condition  is  generally 

symmetrical,  either  both  arms  or  both  legs  being  affected  ; 
in  some  cases  all  four  limbs  are  affected. 

The  symptoms  arc  both  sensory  and  motor.  The 
sensory  symptoms  consist  in  a  diminution  of  epicritic 

sensibility  in  the  '  stocking  '  and  '  glove  '  areas  ;  the 

patient  complains  of  tingling  and  of  the  sensation  of  '  pins 
and  needles  '  in  the  same  areas  ;  the  muscles  of  the 
limbs  are  tender  on  pressure,  and  this  tenderness  to  pressure 
is  particularly  marked  in  the  soles  of  the  feet.     The  motor 
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paralysis  is  most  marked  in  the  extensors  of  the  wrists 
and  fingers,  and,  when  the  feet  are  affected,  the  anterior 

tibial  and  peroneal  museles  suii'er  most.  This  form  of 
neuritis  usually  oecurs  as  a  result  of  some  toxic  absorption, 
e.g.  alcohol,  lead,  arsenic, 
diabetes,  diphtheria,  or 
septicaemia.  The  neuritis 
of  lead  poisoning  is  not 

associated  with  sensory 

symptoms ;  there  is  para- 
lysis of  the  extensors  of 

the  wrist  and  fingers,  but 
the  extensor  ossis  meta- 

carpi  pollicis  and  the 

supinator  longus  usually 
escape,  differing  in  this 

respect  from  musculo- 
spiral  paraylsis. 
Under  this  heading 

must  also  come  one  of  the 

forms  of  trench  feet.  In 

these  cases,  as  a  result  of 
deficient  exercise  of  the 

leg  museles,  combined 

with  long  exposure  to 
cold  and  wet,  a  condition 

of  peripheral  neuritis  de- 
velops. 

Fig.  23. — Peripheral  neueitis. 

One  form  of  '  trench  feet.'  Notice 
that  the  patient  walks  on  his  heels  ; 
the  soles  of  the  feet  are  markedly 

hypersesthetic  ;  he  keeps  his  feet 
dorsiflexed  so  as  to  prevent  them 
from  touching  the  ground. 

Fig.  23  relates  to  a  patient 
who  was  in  tlie  trenches  from 

Christmas  until  February. 
The  floor  of  the  trench  Avas  sometimes  frozen,  but  more  often 

wet  and  muddy.  He  wore  putties  and  boots.  He  possessed 

waterproof  boots,  but  '  they  were  too  much  trouble,  as  they 
kept  on  coming  off.'  Three  weeks  before  admission  his  heels 
b2came  swollen  and  painful.  A  week  later  his  toes  became 
similarly  swollen  and  tender. 
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On  admission  he  had  pains  in  the  soles  and  in  the  toes, 

dorsal  and  plantar  surfaces,  worse  at  night ;  there  was  marked 

hypericsthcsia  to  pressure  on  the  soles  and  over  the  dorsum  of 

the  toes.  The  feet  sweated  excessively.  There  was  no  cyanosis 

or  pallor.  On  standing  up  the  patient  could  only  stand  on 

his  heels  ;  he  kept  his  ankles  slightly  dorsiflexed  because  of 

the  hypericsthesia  of  his  soles.  He  was  treated  by  the  occa- 

sional application  of  an  E^ march's  bandage,  and  the  pain  and 

hyperesthesia  diminished.  Ten  days  later  he  could  walk  with 

crutches,  resting  his  weight  on  the  heels.  Four  days  later  he 

could  walk  alone;  chiefly,  but  not  entirely,  on  his  heels. 



CHAPTER   IV 

CONDITIONS  SIMULATING  A  PERIPHERAL  NERVE 
INJURY 

A  PATIENT  is  asked  to  make  a  certain  definite  movement, 

say  to  flex  his  elbow  ;  he  is  unable  to  do  so,  and  the  ques- 

tion arises — Is  this  inability  consequent  on  the  injury  of  a 
peripheral  nerve  ? 

This  inability  may  be  due  to  : 
1.  Some  local  physical  condition  which  makes  the 

movement  impossible,  e.g.  fracture,  dislocation,  synovitis 
or  other  inflammatory  condition,  adhesions,  &c.  ;  to  this 
we  have  referred  in  describing  the  mode  of  examination 

of  the  patient  (pp.  18-19). 

2.  A  '  functional '  cause,  and  not  an  organic  nerve  lesion. 
3.  Even  if  dependent  on  a  definite  organic  lesion,  the 

lesion  may  he  in  some  part  of  the  nerve  track,  from  cortex 
to  peripheral  distribution,  other  than  the  peripheral  nerve. 

Functional  or  Hysterical  Paralysis 

The  following  points  will  aid  in  making  a  diagnosis  : 

1.  In  the  absence  of  trauma  the  paralysis  is  less  likely 

to  be  organic  ;  in  the  presence  of  trauma  it  may  be 
functional  or  organic. 

2.  Muscular  atrophy  may  occur  in  either,  but  it  occurs 

much  earlier  and  is  more  marked  in  organic  paralysis. 
3.  In  functional  paralysis  the  muscles  always  respond 

to  faradic  stimulation  and  to  the  lowest  powers  of  the 
condenser,  and  the  reaction  of  degeneration  is  never 
present. 

43 
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4.  Organic  paralysis  affects  definite  muscles.  Functional 
paralysis  tends  rather  to  affect  movements.  Paralysis  of 

a  single  muscle  is  pathognomonic  of  organic  disease. 
5.  The  deep  reflexes,  whilst  they  may  be  exaggerated 

both  in  functional  and  in  organic  paralysis,  are  usually 
normal  in  functional  disease. 

In  the  upper  limb  the  chief  deep  reflexes  are  the  biceps 
and  triceps  jerks  (elicited  by  percussion  on  the  tendon 

of  insertion  of  the  muscle),  the  supinator  jerk  (elicited  by 

Fig.  24. — Hysterical  anesthesia  and  muscle-spasm  following  a 
GUNSHOT-woTJND  OF  THE  UPPER  PART  OF  FOREARM.  The  anaesthesia  is 
shown  in  Fig.  25. 

percussing  the  styloid  process  of  the  radius),  and  the 

pronator  jerk  (elicited  by  percussing  the  dorsal  surface  of 
the  lower  end  of  the  ulna,  or  the  antero-intcrnal  surface 
of  the  lower  end  of  the  radius).  In  the  lower  limb  the 

important  deep  reflexes  are  tlie  knee-jerk  and  the  ankle- 

jerk. 
6.  Absence  of  deep  reflexes  may  occur  in  organic,  never 

in  functional  disease. 

7.  The  combination  of  paralysis  of  the  muscles  supplied 
by  a  given  nerve,  with  loss  of  sensation  over  the  exact 
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area  supplied  by  the  same  nerve,  can  only  exist  with  an 
organic  affection  of  that  nerve. 

8.  Functional  anaesthesia  never  maps  out  the  exact 

distribution  of  a  peripheral  nerve  ;  on  the  other  hand,  it 

is  frequently  bounded  by  a  line  which  surrounds  the 
limb — for  instance,  at  the  level  of  the  shoulder,  elbow, 
wrist,  knee,  or  ankle  ;  and  this  Une  marks  the  abrupt 

termination  of  all  sensation — protopathic,  epicritic,  and 
to  deep  pressure. 

—  Entrance 

Hyper-aesbhetic 

pcLtch 
Fig.  25. — Hysterical  anaesthesia.     See  Fig.  24. 

Fig.  24)  is  that  of  a_soldier  who  received  a  gunshot  wound 
at  Ypres  in  JNIay  1915.  The  entrance  wound  is  on  the  inner 
side  of  the  forearm,  two  inches  below  the  inner  condyle ; 

he  says  his  arm  '  was  slightly  paralysed  at  the  time  of  the 
accident,' but  under  treatment  with  massage  it  soon  recovered.' 
Three  months  later  a  piece  of  shell  was  removed,  and,  to 

quote  the  patient :  '  The  doctors  had  to  go  so  deep  that  they 
cut  a  nerve.'  His  arm  has  been  paralysed  ever  since.  The 

elbow  is'  kept  flexed,  the  wrist  flexed,  the  metacarpo-phalangeal 
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joints  flexed,  and  the  inter-phalangcal  joints  rigidly  extended 
(Fig.  24).  There  is  anaesthesia  of  the  hand  and  arm  to  just 
above  the  elbow  (Fig.  25).  When  he  is  told  to  flex  the  forearm 
one  can  feel  the  extensors  contract,  and  so  with  other  suggested 
movements.  All  the  muscles  react  to  faradism.  There  is  no 
muscular  wasting. 

ranee 

Fig.  26. — Hysterical  anesthesia  following  a  shrapnel-wound 
OF  THE  RIGHT  BUTTOCK.  The  entrance  and  exit  are  shown  on  the  chart. 

When  seen  four  month?  after  the  injury,  patient  said  his  '  leg  felt  dead.' 
There  was  ansesthesia  to  cotton- wool  and  pin-prick  as  high  as  the  knee. 
A  few  weeks  previously  this  had  extended  as  high  as  the  groin.  There 
was  no  muscular  wasting  ;  all  the  movements  of  the  right  leg  were  feeble 

and  tremulous  ;  the  knee-jerks  and  ankle- jerks  were  normal,  and  the 
plantar  reflexes  were  flexor. 

A  soldier  was  wounded  by  shrapnel  in  September  1914. 
The  entrance  was  just  behind  the  right  great  trochanter. 
Three  days  later  the  bullet  was  removed  in  Paris,  through  a 
small  incision  in  the  line  of  the  sciatic  nerve,  just  above  the 
gluteal  fold  (Fig.  26). 
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January  21,  1915.  He  now  feels  the  whole  Irnib  dead  as 
far  as  the  toes  ;  there  is  a  feeling  of  heavy  weight  in  the  foot ; 
there  is  analgesia  as  high  as  the  groin. 

January  31,  1915.  There  is  anaesthesia  to  pin-pricks  and 
cotton-wool  as  high  as  the  knee  ;  no  muscular  wasting ;  right 
lower  limb  tremulous  in  all  its  movements,  and  feebler  than 

Entrance-/- - 
-Exit 

Fig.  27. — Hysterical  anaesthesia  following  a  shrapnel  bullet 
WOUND  THROUGH  THE  MIDDLE  OF  THE  RIGHT  UPPER  ARM.   There  WaS 

anaesthesia  to  pin-prick  and  cotton-wool  below  the  line  of  the  elbow  joint. 

Joint-sense  was  lost  in  fingers,  wrist,  and  elbow  ;  vibration-sense  lost 
below  the  tip  of  the  olecranon.  All  movements  of  the  limb  were  feeble, 
but  none  were  impossible.     There  was  no  muscular  wasting. 

the  left.     Gait  clumsy  with  the  right  limb.     Knee-jerks  and 
ankle-jerks  normal ;    plantar  reflexes  flexor. 

Fig.  27.  A  soldier  was  shot  through  the  upper  arm  by  a 
shrapnel  bullet  at  Ypres  in  November  1914.  The  entry  was 
in  front,  in  the  middle  of  the  right  upper  arm,  internal  to  the 



48    KERVK  INJURIES  AND  THEIR  TREATMENT 

biceps;    the  exit  posterior,  about  the  middle  of  the  triceps. 
The  right  arm  at  once  dropped  dead. 

Subsequently  he  complained  of  constant  gnawing  pain  about 

one  inch  above  the  right  external  condyle.  The  elbow  was 

habitually  semi-flexed.  To  cotton-wool  and  pin-pricks  there  was 

ansesthesia  up  to  the  bend  of  the  elbow%  front  and  back  (Fig. 

27).  Joint-sense  was  absent  in  fingers,  wrist,  and  elbow. 

Vibration-sense  was  lost  below  the  tip  of  the  olecranon.  All 

movements  of  the  lunb  were  feeble,  but  none  impossible. 

Supinator-jerks  and  triceps-jerks  were  normal  and  equal. 
There  was  no  muscular  wasting. 

Another  illustrative  case  is  that  of  a  Belgian  soldier,  who  during 

a  retreat  near  Malmes  fell  in  a  trench  against  a  tree-trunk  and 

bruised  both  shms.  At  the  same  time  he  was  wounded  by  a 

bullet  on  the  dorsum  of  the  right  wrist.  He  says  he  was 

unconscious  for  half  an  hour.  He  was  then  taken  to  hospital 

with  total  loss  of  power  in  the  right  lower  limb  ;  there  was  no 

loss  of  sensation.  Two  and  a  half  months  later,  cramp  deve- 

loped in  the  limb  and  persisted. 

When  examined  five  months  after  the  accident  the  right 

lower  limb  was  in  a  condition  of  tonico-clonic  spasm  affecting 

all  the  muscles,  especially  the  quadriceps.  The  hip,  knee,  and 

ankle  were  fully  extended,  the  toes  bunched  together  and 

plantar-flexed.  The  limb  was  slightly  blue  from  the  knee downwards. 

The  patient  resisted  passive  flexion  of  the  hip,  knee,  or  ankle, 

but  when  considerable  force  was  applied,  all  the  movements 

could  be  passively  carried  out  to  the  full  extent,  although  the 

patient  became  highly  emotional  during  the  process,  crying 

and  shouting.  The  knee-jerks  and  ankle-jerks  were  normal, 

but  difficult  to  elicit  on  the  right  side  owing  to  the  spasm. 

The   plantar  reflexes  were   normal.      There   was  no  muscular 
atrophy. 

When  the  right  limb  was  forcibly  flexed,  the  patient  could 

be  temporarily  persuaded  to  perfomi  voluntary  movements  at 

all  joints.  As  soon  as  the  limb  was  relaxed  it  at  once  resumed 
its  old  condition  of  spasmodic  rigidity. 

He  could  not  walk  alone,  but  stood  on  the  left  leg,  holding 

the  right  leg  in  a  typically  hysterical  posture,  as  abov€ described.  i 
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For  notes  of  a  case  of  hysterical  paralysis  simulating  a  lesion 
of  the  brachial  plexus  see  p.  150. 

Another  example  of  hysterical  paralysis  may  here  be 

quoted  : 

A  left-handed  Irish  soldier,  during  an  encounter  with  a  party 
of  Turks  at  Gallipoli,  bayoneted  ten  or  twelve  of  them  single- 
handed.  For  this  deed  of  gallantry  he  was  recommended  by 
his  commanding  officer  for  the  Victoria  Cross.  He  sustained 

numerous  bayonet -wounds    during  the  combat,  fifteen  in  all. 

Fig.  28. — Hysterical  spasm  of  eight  hand,  fouh  weeks 
AFTER    bayonet-wound  OF  THUMB. 

With   one  exception  these  were  all   on  the  right  side  of  the 
trunk  or  on  the  right  limbs. 

Of  the  wounds,  only  two  were  of  any  depth,  one  through  the 
right  forearm  about  its  middle,  where  a  small  cystic  swelling 
was  to  be  felt  four  weeks  later,  when  he  reached  a  hospital 
in  Malta ;  the  other,  a  perforating  wound  through  the  web 
of  the  right  thumb. 

4 
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When  examined,  four  weeks  after  the  injury,  there  was  tight 
flexor  contracture  of  the  right  fingers  (see  Fig.  28),  which  could 
not  be  passively  extended  without  pain.  Nevertheless,  no 
individual  muscles  were  paralysed,  though  all  movements  of 
the  fingers  were  excessively  feeble.  All  the  muscle  of  he 
hand  and  forearm  reacted  briskly  to  faradism.  The  reflexes, 
deep  and  superficial,  were  normal  and  equal  on  the  two  sides. 

Fig.  29. — Hysterical  paralysis  of  right  thumb,  FOLLOwrrxG  bayoxet- 

wouND  FOUR  WEEKS  PREVIOUSLY.  Exit-  and  entry-wounds  are  indicated, 
also  limits  of  hysterical  anaesthesia. 

During  the  examination  this  patient  showed  how  readily  an 
hysterical  anaesthesia  can  be  produced  by  suggestion  from  the 
physician.  At  the  beginning  of  the  seance  he  had  blunting 

of  sensation  to  pin-pricks  in  the  right  hand  only,  back  and  front. 
Then,  as  the  examination  went  on,  the  upper  boundary  of 
anaesthesia  rapidly  extended  to  the  elbow  and  shoulder,  and 
finally  to  the  right  side  of  the  face,  trunk,  and  right  lower 
limb,  stopping  short  at  the  middle  line. 
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Five  days  later  (January  27),  the  anscsthesia  had  receded, 
to  a  horizontal  line  two  inches  above  the  right  wrist. 

By  February  2,  i.e.  five  weeks  after  the  injury,  the  antesthesia 
was  confined  to  the  radial  side  of  the  hand,  front  and  back, 
stopping  short  an  inch  above  the  wrist,  i.e.  not  corresponding 
to  a  lesion  of  any  individual  nerve-trunk  (sec  Fig.  29).  The 
contracture  of  the  fingers  had  disappeared,  and  all  movements 
of  the  digits  could  now  be 

performed  freely,  except  ex- 
tension of  the  terminal  johalanx 

of  the  thumb.  The  patient 
said  he  thought  he  had  had 
a  specially  severe  blow  from 
the  butt  of  a  rifle  on  that 

phalanx. 
On  February  17,  nearly 

seven  weeks  after  the  injury, 
he  began  to  extend  the  thumb 
feebly  and  the  anaesthesia  had 
receded  to  the  flexure  of  the 
wrist. 

On  February  24,  two  months 
after  the  wound,  he  was  able 
to  extend  the  thumb  well  (see 

Fig.  30)  and  all  other  move- 
ments of  the  limb  were  normal. 

There  was  still  a  small  patch 
of  anaesthesia  on  the  dorsum 

of  the  web  of  the  thumb.  This  in  turn  disappeared  shortly 
afterwards. 

Fig.  3U. — Hvstkjucal anesthe- 

sia or  PART  OF  HAND,  EIGHT  WEEKS 

AFTER  BAYONET-WOUND   OF  THUMB. 

The  motor  paralysis  has  recovered. 
(Compare  previous  figure.) 

Combined  Organic  and  Functional  Paralysis. 

I      It  should  be  remembered  that  a  patient  with  an  organic 
[lesion  may  have  a  functional  paralysis  superadded  to  it. 
In  such  cases  the  functional  element  is  usually  more 
extensive  in  distribution  than  the  underlying  organic  part, 
jand,  as  it  were,  submerges  it,  so  that  unless  care  be  exer- 

cised  in    the   examination,    either   the    organic   factor   is 

joverlooked  and   the   whole   case   is   wrongly  regarded  as 
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functional,  or  on  the  other  hand  the  organic  paralysis 
appears  to  be  more  serious  than  it  really  is.  The  following 
is  an  illustrative  example  : 

A  gunner,  aged  27,  was  hit  by  a  shrapnel  bullet  at  Gallipoli. 
Ihe  entry-wound  was  through  the  middle  of  the  left  triceps, 
midway  between  the  acromion  and  olecranon  ;  the  exit-wound 
was  an  inch  higher  up,  through  the  middle  of  the  biceps.  The 

bullet-track  thus  crossed  the  line  of  the  musculo-spiral  nerve. 
The  patient  immediately  lost  all  power  in  the  left  upper  limb, 
which  felt  to  him  as  if  it  had  been  blown  off.  There  was  no 

pain  at  the  time  of  injury,  nor  afterwards. 
When  examined,  eight  days  after  the  injmy,  there  was 

complete  anaesthesia  of  the  left  upper  limb  to  all  forms  of 
cutaneous  stimulation,  from  the  level  of  the  acromion  down- 

wards. (See  Fig.  31.)  Joint-sense  was  absent  at  the  fingers 
and  wrist,  normal  at  the  elbow  and  shoulder.  Vibration-sense 
was  lost  in  the  hand,  forearm,  and  upper  arm,  normal  at  the 
clavicle  and  scapula. 

In  the  left  upper  limb  the  only  voluntary  movement  that 
could  be  performed  below  the  shoulder  was  feeble  flexion  of 
the  fingers.  No  movement  was  possible  of  the  thumb,  wrist, 
or  forearm.  The  biceps  and  triceps  could  be  felt  to  contract 
feebly,  but  not  enough  to  move  the  elbow.  He  could  feebly 
abduct  and  adduct  the  shoulder. 

To  faradism  the  biceps  and  triceps  reacted  briskly,  together 
with  all  the  muscles  of  the  forearm  and  hand,  with  the  exception 
of  the  supinator  longus  and  the  extensors  of  the  wrist,  fingers, 
and  thumb. 

In  Fig.  31  the  patient  is  shown  during  an  attempt  to  flex 
the  elbows  and  dorsiflex  the  wrists.  On  the  left  side  he  fails 

to  accomplish  this.  There  is  wrist-drop,  and  the  elbow  is 
being  passively  flexed  by  the  nurse.  The  entry-wound  behind 
the  musculo-spiral  nerve  is  well  seen.  The  upper  lunit  of 
the  anaesthesia  is  marked  on  the  skin  at  the  level  of  the 
shoulder. 

Having  eliminated  '  physical  impossibihtics  '  and  func- 
tional disease,  and  being  left  with  the  diagnosis  of  organic 

nerve  disease,  we  have  to  decide  what  part  of  the  nerve 

system  is  at  fault. 
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The  track  from  brain-centre  to  nerve-ending  in  muscle 
is  clinically  divided  into  two  parts,  the  upper  motor 

neurone  (cortico-spinal),  and  the  lower  motor  neurone 

(spino-muscular). 
The  upper  motor  neurone  is  that  portion  of  the  voluntary 

motor  path  which  extends  from  the  motor  cortex  in  the 

cerebrum  down  the  pyramidal  tract  to  the  nuclei  of  the 

Fig.   31. — Injury    of    the  muscxjlo-spiral   nerve,   combined    with 
HYSTERICAL  ANESTHESIA  AND   PARALYSIS  OF  THE  UPPER  LIMB.       The  black 

line  indicates  the  upper  limit  of  the  anaesthesia. 

motor  cranial  nerves  in  the  crura,  pons,  and  medulla,  and 
further  down,  to  the  nuclei  in  the  anterior  cornua  at  various 

levels  of  the  spinal  cord. 

The  lower  motor  neurone  is  the  distal  part  of  the  motor 
nerve  track,  and  consists  of  the  anterior  cornual  cell,  its 

prolongation  or  axon  in  the  anterior  nerve  root,  and  the 

peripheral  motor  nerve,  down  to  its  ending  in  the  muscle 
fibre. 
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The  main  points  of  difference  in  the  paralysis  occurring 

in  these  two  types  is  shown  in  the  following  table  : 

Organic  Motor  Paralysis 

Lesion    of    Upper    (Cortico- 
spinal) Neurone. 

1.  Diffuse  muscle-groups 
affected,  never  individual 
muscles. 

2.  Spasticity  and  hyper- 
tonicity  of  paralysed 
muscles. 

3.  May  have  super- 
added '  associated  move- 

ments '  on  attempted  volun- 
tary movement, 

4.  No  muscular  atrophy 

except  from  disuse. 
5.  Electrical  reactions 

normal. 

6.  Deep  reflexes  in 

paralysed  limbs  present, 
and  usually  increased. 

7.  If  foot  affected,  plan- 
tar reflex  is  extensor  in 

type. 

Lesion    of    Lower    (Spino- 

muscular)  Neurone. 
1.  Individual  muscles  may 

bs  affected. 

2.  Flaccidity    and    aton- 
icity  of  paralysed  muscles. 

3.  No  '  associated  move- 

ments.' 

4.  Early  atrophy  of  para- 

lysed muscles. 
5.  Reactions  of  degenera- 

tion. 

6.  Deep  reflexes  of  para- 
lysed muscles  diminished, 

and  often  absent. 

7.  Plantar  reflex,  if  pre- 
sent, is  of  normal  flexor 

type. 

Having  decided  that  the  paralysis  is  of  the  lower  motor 
neurone,  we  have  to  determine  which  part  of  the  track  is 

affected — anterior  cornual  cell,  anterior  root,  or  peripheral 
nerve. 

Anterior  cornual  cell  and  anterior  root  lesions  will 

cause  pure  motor  paralyses  unaccompanied  by  any  sensory 
loss.  It  is  difficult  to  have  a  trauma  of  the  spinal 

cord  affecting  only  the  anterior  cornual  cells,  and  as 
lesions  of  these  are  usually  the  result  of  acute  or  chronic 
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anterior  poliomyelitis,  we  need  not  here  discuss  them 
further. 

It  is,  however,  necessary  to  distinguish  carefully  between 

injuries  of  the  anterior  roots  and  of  peripheral  nerves  ;  so, 
too,  is  it  necessary  to  distinguish  between  injuries  of  the 

posterior  roots  and  of  peripheral  nerves. 
We  cannot  dirlerentiate  chnically  between  a  combined 

lesion  of  an  anterior  and  posterior  root  and  a  lesion 

of  the  mixed  spinal  nerve  formed  by  their  fusion  ;  the 

symptoms  would  be  the  same.  But  as  soon  as  the  nerve 
divides  into  branches  to  form  plexuses  or  individual  nerves 
we  have  an  entirely  diiferent  combination  of  motor  and 

sensory  phenomena  which  makes  the  diagnosis  easier. 
In  the  former  situation  the  distribution  of  motor  and  of 

sensory  paralysis  is  according  to  root-areas,  in  the  latter 
it  is  according  to  peripheral  nerves.  (See  brachial  plexus, 

p.  130,  and  cauda  equina,  p.  197.) 

Reflex  Paralysis. 

Sometimes  after  a  local  trauma  to  a  limb,  which  need 

not  necessarily  implicate  a  nerve-trunk,  but  may  have 
been  in  the  bone,  joint,  or  soft  parts,  the  patient  develops 

a  curious  type  of  paralysis.  This  may  be  either  spastic 
or  flaccid  in  type,  and  total  or  partial  in  degree.  The 
intensity  of  the  paralysis  is  not  necessarily  proportional 

to  the  severity  of  the  original  injury.  A  trivial  trauma 
may  cause  severe  reflex  paralysis. 

This  condition  may  easily  be  mistaken  for  hysterical 

palsy,  but  is  readily  distinguished  by  the  following  char- 
acteristics : 

1.  The  skin  of  the  affected  hand  (or  foot)  is  colder  than 
on  the  affected  side  ;  i.e.  there  is  local  hypothermia.  It  is 

sometimes  cyanosed  as  well.  The  diilerence  in  temperature 
between  the  affected  and  the  normal  hand  may  be  as  much 

as  12°  or  15°  F. 
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2.  The  paralysed  muscles  arc  often  hyper-excitable  to 
direct  percussion,  compared  with  the  healtny  siae.  This 
is  best  demonstrated  in  the  intrinsic  muscles  of  the  hand 

(or  foot).  The  electrical  reactions,  however,  are  normal, 

or  perhaps  slightly  increased  to  faradism. 

When  the  muscular  hyper-excitability  is  poorly  marked, 
it  can  usually  be  demonstrated  by  plunging  the  limbs  of 

the  two  sides  into  cold  water,  when  the  muscular  hyper- 
excitability  as  well  as  the 

local  hypothermia  at  once 
become  evident  on  the 
affected  side. 

3.  The  condition  is  un- 

affected by  psycho-therapy 

or  suggestion,  thereby  dif- 
fering from  hysteria.  It 

tends  ultimately,  however, 

to  spontaneous  recovery. 
This  condition  (originally 

described  by  Babinski  and 

Froment)  appears  to  be  due 
to  a  functional  (but  not 

psychogenic)  hyper-excita- 
bility of  the  anterior  cornual 

cells  in  the  corresponding 

segment  of  the  spinal  cord, 
in  cases  where  the  reflex  paralysis  is  of  a  spastic  type  ; 
or  to  a  functional  (but  not  psychogenic)  inhibition  of 
these  same  cells  in  the  flaccid  variety  of  case.  The 
hypothermia  and  cyanosis  are  doubtless  due  to  disorder 

of  the  adjacent  nucleus  sympatheticus  in  the  antero- 
lateral cornu  of  the  cord,  which  controls  the  blood- 

vessels of  the  limb. 

Pure  cases  of  reflex  palsy  are  usually  easy  of  recognition. 
Difficulty,  however,  sometimes  occurs  in  cases  which  are 

combined  with  an  organic  nerve  lesion  on  the  one  hand, 

or  with  an  hysterical  paralysis  on  the  other. 

FiQ.  32. — Partial  left  median 
PARALYSIS,  COMBINED  WITH  REFLEX 

PARALYSIS. 
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Case  of  Reflex  Paralysis  of  Left  Hand,  combined  with  partial 
Median  Palsy. 

The  patient  was  wounded  by  a  rifle-bullet  in  the  left  forearm. 
The  entry  was  on  the  flexor  surface  of  the  linib,  4f  inches  above 
the  wrist ;  the  exit  was  on  the  extensor  aspect,  towards  the 

ulnar  side,  quarter  of  an  inch  lower  do-^Ti.  The  wound  was 
septic  and  took  over  three  months  to  heal. 

When  examined,  seven  months  after  the  injury,  there  were 

signs  of  a  partial  lesion  of  the  median  nerve,  consisting  in 

anaesthesia  and  analgesia  of  3|  digits  (see  Fig.  32),  together 

with  paralysis,  wasting,  and  loss  of  faradic  excitability  of  the 

abductor  pollicis  alone.  All  other  muscles  innervated  by  the 
median  were  normal,  also  the  ulnar  group  of  muscles. 

In  addition,  the  fingers  of  the  left  hand  were  cold  and  blue, 

especially  the  index  and  medius,  and  the  whole  left  hand  was 
colder  than  its  fellow.  There  was  increased  muscular  ex- 

citability on  percussion  of  the  hypothenar  muscles,  of  the 

interossei,  and  of  the  thenar  muscles,  with  the  exception  of 
the  abductor  pollicis. 

Case  of  Combined  Reflex  and  Hysterical  Paralysis  of  Left  Thumb. 

A  gunner,  aged  30,  developed  a  small  whitlow  in  the  terminal 

phalanx  of  the  left  thumb,  which  was  duly  incised  longitudinally 
along  the  palmar  aspect  of  the  digit.  During  his  convalescence 
from  this  condition  it  was  found  that  the  thumb  had  become 

persistently  flexed  at  the  metacarpo-phalangeal  joint.  He 
himself  also  noticed  deficient  sensation  in  the  thumb. 

On  examination,  eight  months  after  the  operation,  he  showed 

a  typical  hysterical  paralysis  of  the  thumb,  which  was  tonically 

flexed  at  the  metacarpo-phalangeal  joint  and  extended  at  the 

inter-phalangeal  joint  (Fig.  33).  There  was  total  anaesthesia 
of  the  thumb  phalanges,  both  on  the  palmar  and  dorsal  aspects, 

obviously  of  hysterical  type.  There  was  no  voluntary  move- 
ment of  the  thumb.  If  it  was  passively  extended  at  the 

metacarpo-phalangeal  joint,  it  slowly  returned  to  its  former 
abnormal  posture.  The  movements  of  the  other  digits  were 
all  slow  and  stiff.  There  was  no  wasting  of  the  thenar  muscles, 

nor  of  any  of  the  other  intrinsic  hand-muscles^  So  far,  the 
condition  was  obviously  hysterical  in  nature. 
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The  skin  of  the  thumb,  however,  was  bright  pink  in  colour, 
and  much  colder  than  that  of  the  opposite  thumb.  All  the 
other  digits  of  the  affected  hand  were  also  abnormally  cold. 

Fig.  33. — Combined  Keflex  and  hysterical  pabalysis 
OF  left  thumb. 

but  less  so  than  the  thumb.  To  faradism  all  the  muscles  of 

the  hand  reacted  briskly  and  normally.  No  definite  muscular 

hyper-excitability  could  be  made  out  in  this  case. 



CHAPTER  V 

PROGNOSIS 

The  prognosis  after  primary  and  secondary  suture  will 
be  dealt  with  later  (p.  62).  Let  us  first  speak  of  prognosis 

in  general.  A  patient,  as  the  result  of  a  wound  or  other 
trauma,  presents  himself  with  signs  of  a  peripheral  nerve 

paralysis  ;  the  prognosis  is  based  on  a  consideration  of 
the  following  factors  : 

1.  The  electrical  reactions. 

2.  The  completeness  or  incompleteness  of  the  symptoms. 

3.  The  progress  of  the  case  under  treatment. 
4.  The  condition  of  the  wound  complicating  the  nerve 

injury. 

1.  The  electrical  reactions  of  the  muscles  at  the  end  of  ten  days 

or  a  fortnight. 

These  are  of  prime  importance.  No  complete  diagnosis 
can  be  made  in  their  absence,  and  no  accurate  prognosis 

can  yet  be  given. 
If  the  muscles  react  to  faradism  and  respond  to  the 

lowest  power  of  the  condenser  (0-025  microfarad),  the 
prognosis  is  good,  for  we  know  there  is  no  profound 
alteration  in  the  nerve,  and  that  the  condition  of  paralysis 
is  either  functional  or  consequent  on  disuse,  and  in  both 

cases  efficient  treatment  will  speedily  result  in  improve- 
ment. 

If  the  muscles  do  not  respond  to  faradism,  and  if,  too, 

with  galvanism  we  have  sluggish  contraction  with  polar 
69 
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changes — and  still  more,  if  the  muscles  do  not  respond  to 
the  higher  powers  of  the  condenser,  namely,  to  2  or  3 
microfarads,  then  we  know  that  degeneration  of  the  nerve 

has  taken  place,  and  that  under  the  most  favourable 
circumstances  three  months  must  elapse  before  any  return 
of  function  can  manifest  itself. 

Between  these  two  groups  are  others — namely,  those 
in  which  the  muscles,  although  responding  to  faradism, 
require  a  stronger  current  than  the  corresponding  muscles 

of  the  opposite  limb.  These  all  tend  towards  recovery, 

some  more  rapidly  than  others,  and  the  rapidity  of  recovery 
in  many  cases  corresponds  to  the  ease  with  which  they 
can  be  made  to  contract  to  condenser  shocks.  A  muscle 

contracting  to  0*05  microfarad  is  likely  to  regain  voluntary 
power  in  a  few  weeks,  as  compared  with  one  which  will 

only  contract  to  0*25  microfarad,  and  which  may  need 
months  for  its  recovery. 

2.  Completeness  or  incompleteness  of  the  symptoms. 

If  some  of  the  muscles  supplied  by  a  nerve  still  retain 

the  power  of  voluntary  movement,  and  if,  too,  the  sensory 
loss  be  incomplete,  whether  in  distribution  or  intensity, 

the  prognosis  is  better  than  if  the  symptoms  of  paralysis 
are  complete  ;  these  symptoms  are  sometimes  the  result 

of  bruising  of  the  nerve,  with  haemorrhage  into  its  sub- 
stance. 

It  is  in  cases  with  a  history  such  as  this,  that  later, 

at  the  operation,  we  find  some  thickening  in  the  nerve 
in  more  or  less  of  its  circumference,  with  perhaps  some 
limited  adhesions. 

Some  of  these  cases,  under  energetic  treatment  com- 

menced soon  after  the  injury — such  treatment  being 
directed  not  only  to  the  affected  muscles  but  over  the 

site  of  nerve  injury,  especially  if  ionization  over  this  site 

be  employed — show  signs  of  improvement  in  three  weeks 
or  a  month,  as  the  blood  becomes  absorbed. 
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In  that  group  of  cases  in  which  the  symptoms  are  not 

profound,  where  we  have  a  condition  of  muscle  which 
shows  paresis  rather  than  paralysis,  and  in  which  there  is 

no  aneesthesia,  or  but  a  transitory  one,  we  may  with  con- 
fidence regard  them  as  due  to  mild  contusion,  or  in  the 

slightest  cases  even  to  '  concussion,'  and  the  prognosis  is 
good,  especially  if  from  the  sites  of  entrance  and  exit  we 
may  infer  that  the  nerve  has  not  been  directly  injured. 

3.  The  progress  of  the  case  under  treatment. 

A  most  important  factor  in  determining  prognosis  is 
the  response  made  to  treatment. 
Many  cases  under  treatment  will  be  found  to  improve, 

either  quickly,  as  in  paralysis  from  disuse,  some  cases  of 

functional  paralysis,  and  some  concussion  injuries,  or 
more  slowly,  as  in  those  cases  of  contusion  in  which  the 

symptoms  are  dependent  upon  the  pressure  of  effused  blood 

rather  than  on  actual  degeneration  of  injured  axis-cylinders. 
Other  cases  there  are  in  which  the  symptoms  increase 

in  spite  of  treatment,  where  what  at  first  was  no  more 

than  paresis  becomes  definite  paralysis,  and  in  which 
higher  and  higher  powers  of  the  condenser  are  needed  to 
elicit  a  contraction  of  the  muscle  ;  here  it  is  evident  we 

are  dealing  with  a  progressive  paralysing  agent.  This 

may  be  either  fibrosing  connective-tissue  or  callus.  In 

these  cases,  apart  from  operation,  the  outlook  is  hope- 
less, and  the  sooner  the  nerve  is  exposed  and  freed  from 

its  strangulation  the  better. 

Cases  of  complete  paralysis,  which  at  the  end  of  three 
months,  in  spite  of  massage  and  electrical  treatment,  show 
no  improvement,  or  in  which  examination  at  an  earlier 

date  reveals  a  nodular  swelhng  in  the  course  of  the  nerve, 

should  be  submitted  to  operation,  as  no  good  can  reasonably 
be  expected  from  further  delay. 

The  prognosis  of  nerve  injuries  which  are  associated 

with  the  intense  pain  to  which  the  term  '  causalgia  '  is 
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given,  is  bad,  apart  from  operative  interference,  and  such 
cases  should  be  early  submitted  to  operation. 

4.  The  condition  of  the  wound  complicating  the  nerve  injury. 

The  prognosis  becomes  much  more  grave  when  the 
wound,  in  which  a  nerve  is  divided  or  otherwise  injured, 

is  septic,  and  especially  when  complicated  by  extensive 
comminuted  fractures  of  bone,  or  wounds  of  joints. 

Extensive  injury  to  the  nerve,  prolonged  inflammatory 
changes  in  its  immediate  neighbourhood,  a  condition  of 

the  wound  preventing  any  direct  treatment  of  the  nerve, 
and  complications  in  bone  and  joint  preventing  efficient 
treatment  of  muscles,  tendons,  and  joints  for  a  prolonged 

period — such  conditions  render  the  outlook  as  regards 
nerve  recovery  and  subsequent  limb  utility  a  very  grave 
one. 

The  Prognosis  after  Suture. 

The  prognosis  is  largely  influenced  by  the  following 
factors  : 

1.  Whether  the  suture  was  primary  or  secondary. 

2.  Whether  the  original  wound  was  aseptic  or  septic. 
3.  The  particular  nerve  under  consideration. 
4.  The  site  of  the  lesion. 

5.  The  treatment  before  and  after  operation. 

1.  Primary  versus  Secondary  Suture. 

Assuming  the  operation  be  done  under  aseptic  conditions, 

primary  suture  is  the  more  favourable.  This  ideal,  how- 
ever, is  rarely  attainable,  since  the  majority  of  war-wounds 

are  infected. 

The  time  of  return  of  the  functions  in  a  mixed  nerve 

varies  within  fairly  wide  limits,  and  only  approximate 

periods  can  be  given.  Speaking  generally,  then,  we  may 
look  for  sensation  and  motion  to  return  in  the  following 
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order,  and  somewhere    about  these   periods   after   opera- 
tion : 

Primary  Suture.  -^  Commencement.  Completion. 
1.  Protopathic  sensation  Six  weeks  ̂ ^^^  Six  months 
2.  Epicritic  sensation  Six  months  Twelve  months 

3.  Motor  pozver  Six  months  '  Twelvemonths 

Although  epicritic  sensation  may  be  recovered  in  about 

twelve  months,  it  cannot  be  spoken  of  as  perfect  recovery 
of  sensibility,  for  it  takes  another  twelve  months  before 

the  patient  acquires  the  power  of  accurate  localization. 

Secondary  Suture.       Commencement.  Completion. 

1.  Protopathic  sensation     Six     to     twelve     Six       to       twelve 
weeks  (may  be         months 
as  early  as  three weeks) 

2.  Epicritic  sensation         Twelve  months      Never 

3.  Motor  power  Nine  months  Very     rarely     per- 
fect 

In  secondary  suture  the  return  of  nerve  functions  is 

noticed  in  the  same  order  of  appearance  as  after  primary 
suture.  The  return  of  protopathic  sensation  is  sometimes 

observed  at  a  much  earlier  date  than  in  the  case  of  primary 
suture.  This  is  so  because  by  the  time  the  secondary 

suture  is  performed  partial  regeneration  of  the  axis- 
cylinders  in  the  peripheral  may  have  already  taken 
place  ;  as  a  rule,  however,  it  is  later  rather  than  earlier. 

Epicritic  sensation  takes  twice  the  time  to  appear  and 
never  becomes  perfect. 

The  dates  in  the  above  tables  are  those  generallyaccepted, 

but  recent  ̂ periences  have  shown  that  secondary  suturing 
is  often  followed  by  still  speedier  return  of  sensation  and 
motion. 

Fig.  34  A  is  that  of  a  case  of  external  popliteal  paralysis 
in  which  the  external  popliteal  nerve  as  the  result  of  a  gunshot- 
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wound  was  converted  into  what  looked  and  felt  like  a  mass 

of  fibrous  tissue  ;  this  segment  was  excised  and  end-to-end 
suture  performed.  Five  weeks  later  there  was  marked  pro- 
topathie  recovery  (Fig,  34  b). 

Fig.  107  relates  to  a  soldier  who  as  the  result  of  a  gtmshot- 
wound  of  the  upper  arm  had  complete  paralysis  of  the  median 
and  ulnar  nerves.  At  the  operation  the  ulnar  nerve  was  foimd 
embedded  in  dense  fibrous  tissue  and  the  median  nerve  almost 

completely  torn  across  and  the  torn  ends  involved  in  massive 

Fig.  34  a  shows  the  loss,  both  protopathic  and  epicritic,  in  a  case  of  com- 
plete division  of  the  external  popliteal  nerve. 

Fig.  34  b  shows  the  amount  of  protopathic  recovery,  five  weeks  after 
aecondarv  suture.     Over  the  dotted  area  there  is  only  epicritic  loss. 

scar-tissue.  The  fibrosed  ends  of  the  median  nerve  were 

excised,  thus  completely  dividmg  the  nerve,  and  secondary 
suture  performed.  Eleven  weeks  afterwards  the  patient  could 
slightly  abduct  and  oppose  his  thumb  ;  it  is  worth  noting  that 
at  this  time  there  was  no  return  of  power  in  the  flexor  carpi 
radialis,  although,  according  to  the  rule,  innervation  of  this 
muscle  should  have  preceded  that  of  the  thumb  muscles. 

Fig.  52,  page  95,  relates  to  a  soldier  who  sustained  a  gmishot- 
wound  in  the  neck,  followed  by  paralysis  of  the  spmati,  deltoid, 
biceps,  coraco-braehialis,  braehialis  anticus,  and  supinator 
longus  muscles.      At  the  operation  the  5th  cervical  nerve  was 
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found  completely  divided.  The  proximal  portion  of  the  nerve 
was  replaced  by  scar  tissue,  and  exploration  through  the  fibrosed 
scalenus  anticus  muscle  failed  to  discover  the  central  end  of  the 

nerve.  The  spinal  accessory  nerve  was  therefore  anastomosed 
to  the  5th  cervical  nerve  distal  to  the  lesion.  Six  months 

after  the  operation  the  patient  could  voluntarily  contract 

the  biceps  muscle,  and,  one  month  later,  the  d'^ltoid. 

Bowlby  states  that  muscular  recovery  is  not  likely  to 
be  marked  if  operation  is  delayed  longer  than  two  years, 

and  that  no  case  of  perfect  motor  recovery  has  been  re- 
ported after  four  years. 

Sherren,  reviewing  twenty-one  cases  of  secondary  suture 
in  which  the  interval  between  injury  and  operation  was  less 

than  three  years,  notes  that  some  motor  recovery  took 

place  in  all,  but  that  in  none  was  there  perfect  sensory 
recovery. 

Sometimes,  following  secondary  suture,  there  is  no 

return  of  epicritic  sensation,  nor  of  motor  power,  and  the 

only  change  that  follows  operation  is  return  of  proto- 
pathic  and  of  deep  sensibility  ;  yet  even  this  limited 

recovery  is  of  great  utility  to  the  patient,  since  the  restora- 
tion of  protopathic  sensibility  prevents  the  formation  of 

ulcers,  which  sometimes  originate  as  the  result  of  trauma 

unperceived  by  the  anaesthetic  skin  (e.g.  a  match  burning 
to  the  end  of  its  stem),  and  at  other  times  as  the  result  of 

injuries  so  trivial  that  they  would  have  had  no  effect 
upon  normal  skin. 

2.  Septic  Wounds. 

Of  all  the  considerations  affecting  prognosis  in  nerve 

suture,  one  of  the  most  important  is  the  condition  of  the 

nerve  with  regard  to  its  asepsis  or  the  reverse.  Thus,  if  in 

a  case  of  primary  suture  for  subcutaneous  rupture  of  a 

nerve  the  wound  should  suppurate — even  though  the 
suppuration  speedily  ceases  without  the  nerve  sutures 

giving  way  and  without  any  sloughing  of  the  nerve  struc- 
5 
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turc — recovery  is  much  delayed,  and  this  delay  may 
actually  double  the  period  necessary  for  the  restoration  of 
the  nerve  functions.  Again,  if  the  original  wound  has 

suppurated,  and,  subsequently  to  its  healing  an  operation 
be  undertaken  for  suture  of  the  nerve,  even  if  the  most 

favourable  conditions  be  present,  with  no  wide  separation 

of  the  ends  and  no  extensive  matting  of  these  to  sur- 
rounding structures,  recovery  is  much  delayed.  The  mere 

fact  that  the  wound  has  previously  been  the  seat  of 

suppuration  exercises  a  markedly  retarding  effect  upon 
regeneration  of  the  nerve. 

In  still  less  favourable  cases  it  will  be  found  that  there 

is  wide  separation  of  the  ends,  and  these  are  involved  in 
a  mass  of  dense  fibrous  tissue  which  unites  them  to  the 

surrounding  structures. 

8.  The  particular  nerve  under  consideration. 

The  prognosis  varies  with  different  nerves.  Thus,  after 

uniting  a  severed  musculo-spiral  nerve  the  prognosis,  as  a 
rule,  is  good  ;  muscular  return  is  almost  always  satisfactory, 

and  its  sensory  distribution  is  not  of  prime  importance,  so 
that  even  if  the  finer  shades  of  sensory  localization  fail  to 

reappear,  and  the  return  of  muscular  power  to  the  extensors 
of  the  elbow,  wrist,  and  fingers  be  not  perfect,  still  the 

patient  will  have  an  efficient  working  hand. 
On  the  other  hand,  after  an  operation  for  secondary 

suture  of  the  ulnar  nerve,  the  prognosis,  so  far  as  ultimate 

utihty  is  concerned,  cannot  be  so  good  ;  for  should  the 

■  recovery  of  epicritic  sensation  be  imperfect,  and  complete 

power  of  the  intrinsic  hand-muscles  fail  to  appear — and 
this  is  by  no  means  uncommon — the  delicacy  of  touch  and 
finer  movements  of  the  hand  will  be  deficient,  and  its 

subsequent  utility  much  impaired. 

4.  The  site  of  the  lesion. 

The  site  of  the  lesion,  i.e.  its  distance  from  the  peri- 

phery, does  not  much  affect  the  return  of  sensation,  but 
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motor  return  is  markedly  affected  ;  thus  in  wounds  of  the 
uhiar  nerve  at  the  wrist  and  at  the  elbow  respectively, 
return  of  motor  power  to  the  small  muscles  in  the  hand 
takes  twice  as  long  in  the  latter  as  in  the  former  case. 

5.  Treatment. 

It  cannot  be  too  often  emphasized  that  the  results  of 

an  operation  depend  largely  on  the  non-operative  treat- 
ment ;  this  applies  to  treatment  before  and  after  opera- 

tion in  the  case  of  secondary  suture,  and  to  post-operative 
treatment  in  the  case  of  primary  suture.  The  almost 

irresistible  tendency  in  surgery  is  to  think,  or  rather  to 

feel,  that  a  brilliant  operation  has  '  settled  everything,'  or 
that  if  it  has  not,  it  ought  to  have  ! 

This  is  practically  never  true  in  any  department  of 
surgery  ;  it  is  utterly  fallacious  and  wholly  misleading  in 
the  surgery  of  nerves. 

If  the  ends  of  a  divided  nerve  be  separated,  or  if  for  any 

other  reason  an  impermeable  block  bar  the  impulses 

which  should  pass  along  it,  it  is  necessary  for  recovery 
that,  some  time  or  other,  an  hour  or  so  should  be  spent 

in  the  operating  theatre  and  the  freshened  ends  of  the  nerve 
brought  carefully  together.  But  in  order  to  obtain  the 

best  possible  recovery,  it  is  equally  essential  that  every  day 
before  that  hour  arrives  and  every  day  afterwards,  thought 

should  be  given  and  time  spent  on  keeping  muscle,  tendon, 

and  joint  fit  and  ready  to  respond  to  the  impulses  which 
one  day  the  regenerated  nerve  will  convey.     (See  p.  72.) 

The  Prognosis   after  relieving   Compression. 

This  depends  upon  the  exact  condition  found  at  the 

exploration.  A  nerve  may  be  compressed  by  a  band  of 

fibrous  tissue  sufficiently  tightly  to  interrupt  its  conduct- 
ing power,  but  with  so  little  alteration  in  its  structure, 

that  the  relief  obtained  on  section  of  the  constricting  band 
may  be  instantaneous. 
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On  the  other  hand,  the  changes  in  the  nerve  may  be 

so  profound  tliat  even  when  all  outside  constricting  in- 
fluences have  been  removed,  there  still  remains  within 

the  nerve  an  insurmountable  barrier  to  its  regeneration. 

Such  cases  as  these  cannot  successfully  be  treated  by 
simple  decompression  alone. 

If  the  operation  of  mere  liberation  from  compression 
be  reserved  for  those  cases 
in  which  the  nerve  at 

the  operation  shows  no 
marked  departure  from 

normal,  and  in  particular 
reveals  no  neuromatous 

thickening  in  its  interior, 

the  prognosis  is,  in  the 
large  majority  of  cases,, 

good. 
Fig.  35  a  shows  the  sen- 

sory loss  in  a  case  of  ulnar 
paralysis  in  which,  as  the 

result  of  a  gunshot -wound 
in  the  lower  third  of  the 

forearm,  the  ulnar  nerve 
and  its  dorsal  cutaneous 

branch  were  compressed 
in  sear  tissue. 

Fig.  35  h  shows  the 
improvement  in  sensibility  five  weeks  after  the  nerves  had 
been  liberated  from  compression. 

Fig.  36  relates  to  a  severe  compression  injury  of  the  median 

nerve,  consequent  on  a  fracture-dislocation  of  the  right  elbow- 
joint  on  July  12,  1917.  There  was  also  transient  paralysis  of 
the  museulo-spiral  nerve. 

The  first  diagram  shows  the  sensory  loss  (to  pin-priek)  on 
August  8,  1917.  Pressure-sense  was  not  tested.  The  opponens 

pollicis  was  the  only  median  muscle  which  responded  to  fara- 
dism. 

An  operation  was  performed  on  September  22,   1917,  the 

..A   

Fig.  35. — Ulnar  pabalysis.  Anses- 
thesia  before,  and  five  weeks  after, 
operation  for  relief  of  compression. 

I 
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Fig.  58, 

Aug. 8.17 

Ocb.16,17 

nerve  being  dissected  out  of  a  dense  fibrous  mass.     (See 

p.  100.) 
October  16,  1917. — The  thenar  muscles 

were  now  less  wasted. 

December  28,  1917. — The  flexor  carpi 
radialis  and  the  palmaris  longus  could 
be  seen  to  contract.  The  patient  could 

flex  all  the  finger-tips  into  the  palm  (in- 
cluding the  index  finger).  The  skin  had 

lost  its  smooth,  shiny  appearance,  and 

the  pulps  of  the  finger-tips  were  less 
wasted. 

March  2,  1918. — The  patient  had  noted 
the  fact  that  the  nails  of  the  index  and 

middle  fingers  were  much  harder  to  cut 
than  those  of  the  other  fingers.  The 
thumb  could  be  fully  clenched  into  the 
palm.  The  patient  could,  with  the 
palms  of  the  hand  laid  flat  on  the  table, 
scratch  the  table  with  the  nail  of  the 

index  finger  without  moving  the  wrist 

(Pitre's  test  for  complete  median  nerve 
recovery). 

May  7,  1918. — Pressure  over  the  two 
terminal  phalanges  of  the  index  and 

middle  fingers  felt  like  '  pins  and  needles.' 
The  thenar  eminence  was  as  fully  de- 

veloped as  that  of  the  left  hand.  The 
patient  stated  that  a  month  previously 

a  '  chilblain  '  had  formed  on  the  tip 
of  the  index  finger.  This  had  disap- 
peared. 

July  10,  1918. — There  was  no  sensory 
loss,  protopathic  or  epicritic.  Pressure- 

sense  was  normal.  ,    _i  May  7. 1 8 

Fig.  3G. — Median  nerve  paralysis,  resulting  from  compression, 
showing  the  progre.ss  of  sensory  recovery  following  operation. 

Transverse  striation  indicates  loss  to  pin-pricks.  Oblique  striation 
indicates  loss  of  pressure-sense. 

Dec.28,17 

Mar.  2.18 



CHAPTER   VI 

PRINCIPLES    OF   TREATMENT 

In  considering  the  treatment   of  nerve   injuries,   certain 
facts  should  be  borne  in  mind. 

1.  Nerve  injuries  are  common.  Expect  them,  and 
test  for  loss  of  sensation  and  motion. 

2.  The  importance  of  early  diagnosis  cannot  be  over- 
estimated, for  treatment  should  be  immediate. 

3.  A  large  portion  of  nerve  injuries  tend  to  recover 

spontaneously. 
4.  The  treatment  for  a  divided  nerve  is  suture,  and  as 

the  prognosis  of  primary  or  immediate  suture  is  better 
than  that  of  secondary  suture,  primary  suture  is  the  ideal 

operation. 
5.  The  diagnosis  of  a  severed  nerve,  immediately  after 

an  injury,  is  only  absolute  when  the  severed  end  of  that 
nerve  is  actually  seen. 

6.  It  therefore  follows  that  the  question  of  immediate 

suture  in  projectile  wounds  will  only  arise  when  the  wound 

is  so  large  (either  primarily  from  the  original  lesion  or 
secondarily  from  the  enlargement  of  that  wound  for  the 
arrest  of  haemorrhage,  or  suture  of  tendon,  or  treatment 
of  a  fracture)  that  the  severed  end  of  the  nerve  is  exposed. 

7.  The  great  essential  for  the  success  of  nerve  suture  is 

asepsis. 
8.  Most  projectile  wounds  are  septic. 
9.  In  the  large  majority  of  cases  many  hours  must 

elapse  before  the  surroundings  of  the  patient  and  of  the 

surgeon  are  suitable  for  the  performance  of  such  an  opera- 
tion, and  by  this  time  the  wound  is  discharging  pus  ;  nerve 

70 



PRINCIPLES   OF  TREATMENT  71 

suture  is  now  out  of  the  question,  and  cannot  be  enter- 
tained until  the  wound  is  healed. 

10.  The  correct  treatment  of  a  patient  with  a  suppurating 

wound  is  the  efficient  treatment  of  the  wound.  Don't  go 
fiddling  with  the  nerve  :    stop  the  suppuration  ! 

11.  In  the  less  extensive  wounds  with  a  small  entrance 

and  exit,  such  as  those  commonly  produced  by  a  rifle - 
bullet,  the  diagnosis  of  severed  nerve  can  only  be  made 

when  the  characteristic  signs  have  developed.  These  are 

only  complete  after  ten  days,  and  even  then  the  signs 
may  be  dependent  on  conditions  which  do  not  necessitate 

operation  ;  by  the  time  the  diagnosis  is  established  we 

have  passed  into  the  phase  of  secondary  suture. 
12.  It  follows  that  the  operation  for  the  suture  of  nerves 

injured  by  projectiles  is  almost  always  secondary. 
To  sum  up  :  If  the  diagnosis  is  undoubted,  i.e.  if  the 

nerve  is  seen  to  be  severed,  either  in  the  initial  wound  or 

that  wound  enlarged,  say  for  the  purpose  of  checking 
haemorrhage,  and  there  is  a  reasonable  chance  of  the 

wound  being  aseptic  or  of  being  made  so,  suture  the 

nerve  ;  in  all  other  cases  wait  till  the  diagnosis  is  estab- 
lished, and  until  the  wound  is  healed. 

It  follows,  then,  from  these  considerations  that  very 
few  nerve  injuries  will  be  treated  at  once  by  operations 
directed  towards  the  nerve  ;  but  it  cannot  be  too  often 

emphasized  that,  apart  altogether  from  the  direct  treat- 
ment of  the  injured  nerve,  we  must  at  once,  and  constantly 

afterwards,  think  of  the  other  structures  which  are  liable 

to  serious  impairment  as  a  result  of  the  nerve  injury. 
Whatever  the  injury  to  the  mixed  nerve,  it  must  be 

remembered  that  changes  begin  to  take  place  at  once  in 

the  muscles  supplied  by  it,  in  the  tendons  and  tendon- 
sheaths  of  the  muscles,  in  the  joints  which  those  muscles 

help  to  move,  and  also  in  the  muscles  antagonistic  to  those 
directly  affected.  Treatment  must  be  at  once  directed 

to  the  prevention  of  these  changes. 

1.  Muscles.     The  paralysed  muscles  become  stretched 
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and  elongated,  either  by  the  weight  of  the  hmb — as  when 
the  paralysed  deltoid  is  stretched  by  the  hanging  arm — or 
by  the  contraction  of  the  unopposed  antagonistic  muscles, 
or  by  both  of  these  factors.  Thus  in  external  popliteal 

paralysis  the  paralysed  anterior  tibial  and  peroneal  muscles 
are  stretched  both  by  the  weight  of  the  dropped  foot  and 
by  the  contracture  of  the  unopposed  calf  muscles. 

The  longer  the  muscles  are  allowed  to  remain  in  the 

stretched  condition,  the  greater  is  the  tendency  for  them 
to  remain  in  their  elongated  state.  If  these  muscles  be 

neglected  for  a  sufficiently  long  time,  the  elongation  be- 
comes permanent,  so  that  even  if,  by  and  by,  the  muscles 

regain  their  proper  innervation  and  become  able  to  con- 
tract in  response  to  stimuli,  whether  voluntary  or  electrical, 

these  contractions  may  be  quite  futile  and  result  in  no 
effective  movement. 

Again,  apart  from  such  merely  physical  effects,  actual 
pathological  changes  take  place  in  a  paralysed  muscle. 

The  degenerated  muscle-fibres  become  infiltrated  with 
connective-tissue  cells,  fibrous  tissue  and  fat,  and  become 

converted  into  a  fibro-fatty  mass,  so  that  now,  instead 
of  contractile  muscle-fibres,  we  have  more  or  less  of  this 
inert,  non-contractile  substance. 

It  follows  from  this  : 

{a)  The  paralysed  muscles  must  not  be  allowed  to  stretch. 

[b)  The  muscle-fibres  must  frequently  be  made  to  contract. 
2.  Tendons  and  Tendon-sheaths.  A  tendon  and 

its  sheath  can  only  remain  normal  when  movement  of  the 

one  within  the  other  regularly  takes  place. 
Let  a  tendon  remain  unmoved  in  its  sheath,  and  it 

can  be  taken  for  granted  that  soon  the  one  becomes  tethered 

to  the  other  by  numerous  adhesions.  These  adhesions, 

at  first  fine  and  easily  stretched,  steadily  become  thicker, 
denser,  and  less  easily  stretched,  until  ultimately  the 
tendon  becomes  fixed  in  its  sheath. 

Hence  it  is  obvious  that  tendons  must  be  frequently  moved  in 
their  sheaths. 
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3.  The  Joints.  The  preceding  remarks  also  apply  to 

a  joint  kept  in  one  fixed  position.  Whatever  position  a 

joint  may  be  in,  somewhere  in  that  joint  the  synovial 
membrane  is  thrown  into  folds,  and  what  has  been  said 

concerning  the  synovial  membrane  in  tendon-sheaths 
applies  equally  here  ;  adjacent  folds  become  adherent, 
and  the  adhering  folds  become  more  strongly  adherent, 

until  by  the  time  the  patient  has  regained  power  over  the 

muscles  which  should  move  the  joint,  the  feebly-moving 
muscles  are  unable  to  overcome  the  adhesions  of  the  firmly- 
fixed  joint. 

At  the  same  time  contraction  in  the  lax  part  of  the 

capsule  of  the  joint  is  taking  place,  with  additional  fixation 
of  the  joint. 

It  follows  that  paralysed  joints  must  not  be  allowed  to  remain 
for  a  lengthy  period  in  any  one  fixed  position. 

If  once  these  changes  which  take  place  in  paralysed 

muscles,  immobile  tendons,  and  fixed  joints  be  visualized, 

such  changes  will  never  willingly  be  permitted  ;  paralysed 
muscles  will  be  prevented  from  stretching  and  will  be 

made  to  contract,  whilst  tendons  and  joints  will  be  moved. 

NON-OPERATIVE,  EXPECTANT,  AND  POST- 
OPERATIVE TREATMENT 

A  limb  whose  nerve  or  nerves  have  been  injured  should 

be  carefully  wrapped  up,  audits  anaesthetic  and  paralysed 
structures  protected  from  cold  and  from  trauma. 

The  limb  should  be  so  fixed  that  the  paralysed  muscles 
are  continuously  relaxed  and  prevented  from  being 
stretched  by  their  unopposed  antagonists. 

Thus  in  wrist-drop  the  hand  should  be  dorsi-flexed  at 
the  wrist  joint,  so  as  to  secure  relaxation  of  the  extensors 

of  the  wrist  and  fingers.  Support  should  be  given  to  the 

first  phalanges — though  care  should  be  taken  to  avoid 

hyper-extending  the  metacarpo-phalangeal  joints.  The 
two  distal  phalanges  are  left  unsupported,  for  extension 
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at  these  joints  is  effected  by  the  interossei,  which  in  this 

case  arc  unparalysed.     (See  Fig.  37.) 
Each  common  extensor  tendon  sends  a  slip  to  the  base 

of  the  first  phalanx,  and  the  extension  action  of  this 
muscle  is  Hmited  to  the  phalanx.  From  this  point 

onwards  to  the  terminal  phalanges,  the  tendons  cease  to 

belong  (from  an  effective  point  of  view)  to  the  common 
extensor,  and  become  solely  the  tendons  of  insertion  of 
the  interossei. 

An  efficient  apparatus  is  Sir  Robert  Jones's  hyper- 
extension  hand  splint  (Fig.  38). 

Fig.  37. — Splint  for  MUSCTJLO-SPrRAL  pabalysis.  Note  the  full  volun- 

tary extension  of  the  distal  phalanges,  although  only  the  metacarpo- 
phalangeal joints  are  extended  by  the  splint. 

This  spHnt  is  still  more  useful  if  provided  with  a  thumb- 
piece  to  support  the  thumb  in  a  slightly  abducted  position, 
with  its  terminal  phalanx  extended. 

An  excellent  splint  is  one  made  in  papier  mache,  which 

is  moulded  to  the  wrist  in  the  dorsi-flexed  position.  That 
portion  of  the  splint  which  supports  the  proximal  phalanges 
in  extension  is  set  on  a  spring.  This  spring  returns  these 

phalanges  to  the  extended  position  after  they  have  been 
flexed  by  the  flexors  of  the  fingers.  The  thumb  is  kept 
abducted  and  extended  by  an  elastic  band,  which  connects 
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the  radial  border  of  the  sphnt  with  a  leather  band  encirchng 

the  phalanges.  This  permits  flexion  of  the  fingers,  and 
ensures  its  return  to  the  extended  position  when  voluntary 
flexion  ceases. 

Fig.  38. — Sik  Robert  Jones's  hyper-extension  hand  splint. 

A  patient  with  complete  musculo-spiral  paralysis,  when 
fitted  with  such  an  apparatus,  possesses  a  useful  hand 
(Figs.  37  and  39). 

Fig.  39. — Prosthetic  splint  for  musculo-spiral  paralysis. 

In  cases  of  injury  to  the  great  sciatic  or  external  popliteal 

nerve  resulting  in  foot-drop,  the  foot  should  never  be 
allowed  to  remain  in  the  extended  inverted  position  (talipes 
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equino varus).  Whilst  the  patient  is  confined  to  bed  the 

foot  should  be  fixed  at  a  right-angle,  to  prevent  stretching 
of  the  anterior  tibial  and  peroneal  muscles.  If  the  patient 

is  able  to  be  up  and  about,  a  substitute  for  the  paralysed 

muscles  is  provided  by  attaching  to  the  boot  some  toe- 
raising  device  (See  Fig.  40) ;  at  the  same  time  the 
tendency  to  varus  is  overcome  by  thickening  the  outer 
side  of  the  sole  and  heel  of  the  boot. 

In  paralysis  of  the  deltoid 
muscle,  whether  from  lesions  of 

the  circumflex  nerve  (exceed- 

ingly rare)  or  from  lesions  of 
the  fifth  and  sixth  cervical 

nerves  (very  common),  the 

paralysed  muscle  must  be  taken 
off  the  stretch,  and  this  can 

only  be  done  by  abducting  the 
arm  so  as  to  approximate  the 

origin  and  insertion  of  the 
muscle. 

A  very  efficient,  light,  and 
comfortable  splint,  and  one 

that  does  not  constrict  the  chest  has  been  devised  by  a 

distinguished  barrister.  It  consists  of  a  small  aluminium 

plate  which  rests  upon  the  iliac  crest.  This  supports 

an  aeroplane-steel  rod  which  runs  up  the  lateral  wall  of 

the  thorax.  At  the  apex  of  the  axilla  it  is  bent  so  as 

to  lie  under  the  abducted  arm.  Passing  under  the  arm 

just  above  the  condyles,  it  is  bent  again  at  a  right  angle 
and  carries  a  light  aluminium  splint  on  which  the  flexed 
forearm  rests  (Fig.  41). 

Lesions  of  the  musculo-cutaneous  nerve,  resulting  in 

paralysis  of  the  biceps,  coraco-brachialis,  and  braehialis 
anticus,  should  be  treated  by  continuous  flexion  of  the 

elbow  so  as  to  prevent  these  muscles  being  stretched. 
This  can  be  effected  satisfactorily  by  attaching  a  leather 

wrist-strap  to  a  collar  worn  romid  the  neck. 

Fig.  40. — ^^VALKING  appara- 
tus FOR  USE  IN  FOOT-DROP. 
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In  ulnar  paralysis,  if  any  tendency  to  deformity  be 
present,  the  fourth  and  fifth  fingers  may  be  fitted  with  a 

small  splint  of  papier  mache  moulded  so  as  to  maintain 

slight  flexion  at  the  metacarpo-phalangeal  articulations, 
and  extension  at  the  inter-phalangeal  joints. 

Another  and  better  method  of  correcting  tliis  ulnar 

deformity  is  by  wearing  a  strong  leather  glove.     To  the 

Fig.  41. — Shoulder  abduction  splint. 

wrist  end  of  the  glove  is  sewn  a  stout  leather  wrist-band. 
To  the  dorsal  aspect  of  this  are  sewn  two  strips  of  elastic 

webbing,  and  these,  having  previously  been  put  on  the 

stretch,  are  sewn  along  the  dorsum  of  the  two  ulnar  finger- 
stalls to  their  extremities.     (See  Fig.  42.) 

The  nutrition  of  the  paralysed  muscles  and  their  con- 
tractility must  be  maintained,  and  their  conversion  into 

fibro-fatty  tissue  prevented,  by  daily  massage  and  electrical 
stimulation.     In  the  great  majority  of  cases  this  treat- 
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mcnt  can  be  carried  out  as  the  limb  rests  on  its  splint ; 

if  however  it  should  prove  necessary  to  remove  the  splint, 

care  should  be  taken  to  maintain  the  limb  in  the  same 

position  as  it  occupied  when  resting  on  the  sphnt. 

Electrical  Treatment. 

In  cases  where  the  paralysed  muscles  will  only  respond 

Fig.  42. — Leather  glove  fitted  with  elastic  webbing  to  overcome 
THE  deformity  OF  ULNAR  PARALYSIS. 

to  the  galvanic  current,  this  form  of  electricity  should  be 

employed.  The  lowest  intensity  of  current  which  will  excite 

contractions  should  be  used,  and,  as  the  galvanic  current 

only  causes  contraction  of  the  muscles  at  the  '  make  '  and 
at  the  '  break '  of  the  current  (not  during  its  continuous 

passage),  the  current  should  be  rhythmically  interrupted. 

This  can  most  conveniently  be  effected  by  introducing  a 

metronome  into  the  circuit,  and  setting  it  to  beat  at  a 

slow  rate,  say,  once  a  second. 

At  intervals  the  muscles  should  be  tested  to  see  whether 

they  respond  to  faradism,  and  when  they  do,  this  form  of 

electricity  should  be  used  in  addition  to  the  galvanic 
current. 

I 
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Electrical  treatment  to  the  nerves  over  the  site  of 

injury  is  also  a  valuable  aid  to  recovery;  this  is  best 
employed  in  the  form  of  ionic  medication. 

Massage  and  Passive  Movements. 

Daily  the  paralysed  muscles  should  be  massaged,  and 

the  joints  passively  moved.  When  the  paralysis  affects 
one  hand,  the  patient  should  himself  frequently  carry  out 
these  exercises  with  his  other  hand.  Especially  is  this 
necessary  in  those  incomplete  lesions  of  the  median  and 
ulnar  nerves  which  are  associated  with  fibrous  infiltrations 

in  muscle,  fascia,  skin,  and  joints,  which,  unless  assiduously 

stretched,  will  give  rise  to  persistent  deformity. 

Active  Movements. 

Active  movements  of  the  affected  part  and  of  the  whole 

limb  are  to  be  encouraged,  for  their  importance  cannot  be 

over-estimated.  They  help  to  keep  the  limb  as  '  fit  '  as 
possible,  improve  the  circulation  of  the  limb,  expedite 

the  returning  power  in  the  reviving  muscles,  and  materially 
help  to  prevent  the  patient  from  becoming  depressed  and 

discouraged,  and  ultimately  getting  to  that  condition  when 

he  no  longer  looks  forward  to  recovery,  and  '  acquiesces 
in  his  limitations.'  If,  on  the  other  hand,  the  returning 
power  of  the  paralysed  muscles  is  not  voluntarily  employed, 
and  if  too,  as  often  happens,  the  whole  limb  is  allowed 

to  remain  passive  during  the  whole  course  of  treatment, 
it  may  easily  happen  that  when  the  nerve  condition 

which  produced  the  paralysis  has  recovered,  we  are  still 
faced  with  a  helpless  limb.  The  man  has  lost  the  habit 
of  using  it,  has  come  at  last  to  believe  in  its  powerless  state, 
and  now  we  have  to  deal  with  a  superadded  moral 

paralysis  which  may  prove  most  intractable.  The  great 

value  of  carefully  graduated  exercise,  especially  when  this 
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takes  the  form  of  actual  work  done,  is  being  daily  proved 

in  those  institutions  where,  in  addition  to  daily  massage 
and  electrical  treatment,  the  man  is  given  some  definite 

work  to  do  :  basket-making,  planing,  sawing,  wood-carving, 
painting,  metal-work,  leather-work,  fret-work,  &c.  These 
and  such  as  these,  carefully  chosen  to  suit  the  muscular 

disability  of  the  patient,  keep  the  uninjured  muscles 
normal,  educate  them  to  substitute  the  movements  of 

those  temporarily  powerless,  and,  as  the  paralysed  muscle- 
fibres  become  innervated,  accustom  them  to  respond  to 

voluntary  impulses.  At  the  same  time  they  prevent 

changes  in  muscle,  tendon-sheath,  and  joint  which  other- 
wise may  entirely  frustrate  the  best  intentions  of  the 

recovering  nerve. 

Under  the  foregoing  treatment,  in  cases  in  which  the 
nerve  has  escaped  anatomical  division  and  its  fibres  have 

been  merely  concussed,  signs  of  recovery  soon  manifest 

themselves,  in  some  cases  in  a  few  days,  in  others  in  a 

few  weeks  ;  these  are  the  cases  in  which  the  paral\i;ie 

symptoms  were  incomplete,  the  anaesthesia  transient  or 

even  absent,  and  the  muscles  paresed  rather  than  para- 
lysed, and  in  which  the  muscles  had  retained  their  normal 

electrical  reactions. 

Somewhat  more  severe  are  the  cases  of  contusion  with- 

out loss  of  anatomical  continuity,  where  blood  has  been 
extravasated  around  and  within  the  nerve-sheath.  In 

these  cases  a  certain  degree  of  muscle  wasting  may  occur, 
but  some  electrical  reaction  to  faradism  can  usually  be 

obtained  in  one  or  more  of  the  paralysed  muscles,  although 

stronger  shocks  are  required  than  in  the  corresponding 
muscles  of  the  uninjured  limb.  In  such  cases  improvement 
often  sets  in  under  treatment  within  three  or  four  weeks, 

as  the  blood  becomes  absorbed,  sensation  clearing  up 

before  motor  power  begins  to  return. 

In  other  cases,  namely  those  in  which  the  nerve  has 
been  partially  cut  across,  the  remainder  of  the  fibres  either 
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escaping  altogether  or  being  temporarily  concussed,  or 
contused  with  accompanying  blood  infiltration,  part  of 

the  paralytic  phenomena  will  clear  up  under  treatment, 

leaving  a  residuum  of  paralysis  which  may  be  dealt  with 
surgically. 

Other  cases  will  show  from  the  beginning  complete 

paralysis  of  motion  and  sensation,  with  reaction  of  de- 
generation in  ten  days,  and  no  sign  of  improvement  at 

the  end  of  three  months  in  spite  of  assiduous  treatment. 

These  are  usually  cases  of  complete  section  of  the  nerve, 

and  frequently,  examination  over  the  site  of  injury  will 
reveal  an  enlargement  on  the  stump  of  the  proximal 
end. 

There  is  another  and  larger  group  of  cases  resistant  to 

treatment,  comprising  those  nerves  which  are  compressed 
by  fibrous  tissue,  by  newly  formed  callus,  or  by  bony 
projections.  In  the  case  of  sclerosing  fibrous  tissue  and 
callus  formation,  the  symptoms  which  may  not  have  been 

very  pronounced  at  first,  later  become  complete. 

A  final  group,  not  a  large  one,  also  frequently  resistant 
to  treatment,  consists  of  those  cases  which  from  the  time 

of  injury  or  soon  afterwards  are  characterized  by  the 
intense  pains  and  trophic  changes  to  which  we  have 

alluded  under  the  name  of  causalgia  or  thermalgia  (p.  31). 

The  phenomena  of  causalgia  are  essentially  of  sym- 
pathetic origin.  They  are  probably  due  to  irritation  of 

non-medullated  nerve-fibres,  producing  a  hyper-excitable 
condition  of  the  sympathetic  centre  in  the  corresponding 

segment  of  the  spinal  cord,  the  centre  which  controls  vaso- 
motor, secretory,  and  trophic  influences  to  the  skin. 

The  four  last-mentioned  groups  demand  surgical  inter- 
vention ;  viz.  : — 

1.  Those  cases  which  from  the  beginning  have  shown 

complete  paralysis  of  motion  and  sensation,  and  which, 
in  spite  of  treatment  for  three  months,  have  shown  no 

sign  of  recovery. 

2.  The  compression  group,  as  soon  as  the  progressive 
6 
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increase  of  the  paralytic  symptoms  has  revealed  the  nature 
of  the  lesion. 

3.  Incomplete  lesions  which  have  recovered  up  to  a 

point  and  then  remained  stationary — leaving  a  residuum 
sufficiently  important  to  warrant  an  operation. 

4.  Those  other  incomplete  lesions  associated  with  the 

severe  pains  of  causalgia,  which  have  proved  resistant  to 
treatment. 



CHAPTER   VII 

OPERATIONS   ON   NERVES 

General  Considerations 

In  all  operations  on  nerves,  asepsis  is  imperative. 
The  nerve  should  be  treated  with  the  greatest  possible 

tenderness. 

A  nerve  should  never  be  held  in  a  dissecting  forceps  : 

the  sheath  gives  all  the  necessary  hold  one  can  require. 

When  a  nerve  has  to  be  lifted  up,  pass  a  strip  of  gauze 

under  it,  and  lift  it  up  by  means  of  this — the  nerve  is  less 
likely  to  be  sharply  kinked  and  injured  by  the  strip  of 

gauze  if  a  small  pad  of  gauze  be  placed  between  the  two. 
(Fig.  57.) 

Use  the  sharpest  possible  knives.  Of  these,  at  least 
three  will  be  necessary  :  one  for  making  the  skin  incision 
(this  must  be  used  no  further,  as  it  may  have  become 

infected  in  cutting  through  the  skin),  a  second  for  the 
deeper  dissection,  and  a  third  for  the  actual  nerve  sections. 

Scissors  should  never  be  used  for  making  a  nerve  section. 

For  the  suture  of  nerves  fine  cat-gut  is  used,  and  the 

finest  needles  which  will  carry  the  cat-gut. 
In  performing  end-to-end  suture,  the  ends  of  the  nerve 

should  be  brought  together  without  tension,  great  care 
being  taken  to  prevent  torsion  of  the  ends,  and  sheath 
should  be  sutured  to  sheath  by  several  interrupted 
sutures,  followed,  in  all  but  the  smallest  nerves,  by  a 
continuous  suture  bringing  sheath  to  sheath  around  the 
whole  circumference. 

It  generally  happens  that  in  the  region   of  the   nerve 83 
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injury  there  is  gross  alteration  in  the  anatomical  relations 

— the  nerve  may  be  involved  in  a  mass  of  scar  tissue,  and 
the  muscles  and  the  neighbouring  structures  so  altered 

that  to  identify  the  nerve  in  the  very  centre  of  this  con- 
fused fibrotic  area  may  be  impossible,  or  if  not  impossible 

may  necessitate  a  prolonged  and  needlessly  mutilating 

operation. 
It  is  wise  therefore  to  make  an  incision  extending  well 

above  and  below  the  site  of  injury,  so  that  the  nerve  may 
be  readily  identified,  with  the  minimum  of  disturbance, 

having  its  normal  relationships,  and  followed,  from  both 
sides,  to  the  site  of  the  lesion. 

The  various  conditions  which  may  be  encountered,  and 

their  individual  treatment,  will  be  presently  described, 
but,  to  save  repetition,  certain  general  considerations 

which  apply  to  all  completely  divided  nerves  may  here 
be  noted.  The  proximal  end  of  the  divided  nerve  usually 

presents  a  bulbous  extremity  ;  the  distal  end  may,  or  may 

not  be  bulbous,  but  its  extremity  alwaj^s  feels  harder  than 
the  rest  of  the  nerve.  Both  ends  are  adherent  to  a  fibrous 

mass  which  invests  them.  Some  portion  of  these  ends 
will  need  excision,  but  before  this  is  done,  they  should 
be  utilized  for  any  manipulation  which  may  be  necessary. 

Thus,  if  it  is  obvious  that  their  removal  will  leave  a  gap 
between  the  ends  of  the  nerves,  and  that  these  ends  can 

be  approximated  by  stretching  the  nerves,  now  is  the  time 
to  do  this.  The  bulbous  ends  are  grasped,  and  gentle, 

steady  traction  made  both  proximally  and  distally.  If 
the  stretching  is  postponed  until  after  the  bulbous  ends 
have  been  removed,  the  freshened  ends  of  the  nerves 

themselves  will  have  to  be  grasped,  with  resulting  injury 
to  the  nerve-fibres. 

To  determine  how  much  of  the  bulbous  end  should 

be  removed,  transverse  incisions  are  made  across  it, 

commencing  near  its  free  extremity. 
At  this  situation  it  feels  hard  ;  it  cuts  like  fibrous  tissue, 

and  on  section  presents  a  uniform,  smooth,  pearly  surface, 
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looking  almost  like  cartilage.  (See  Fig.  43  a).  This 
markedly  differs  from  the  transverse  section  of  a  normal 

nerve.  (Fig.  43  b).  In  this,  the  whole  surface  is  studded 

with  a  number  of  nerve-bundles,  separated  by  a  very 
small  quantity  of  loose  connective  tissue.  The  ends  of 

the  bundles  protrude  slightly  beyond  the  rest  of  the 
cut  surface,  so  that  the  whole  area  is  studded  with 

small,  round,  whitish,  glistening  protrusions.  Between 
these  two  is  a  series  containing  less  of  the  one  and 

more  of  the  other.  Successive  sections  are  made  proxi- 

mally,  until  the  normal  appearance  presents  itself.  Turn- 
ing to  the  other  end  of  the  nerve,  sections  are  made  distally, 

A  ^    B 

Fig.  43. 

A  =  The  cut  surface  of  a  bulbous  end. 

B  =  The  cut  surface  of  a  normal  nerve-trunk. 

until  the  limit  of  the  fibrous  area  is  passed.  The  same 

appearance  as  that  shown  in  Fig.  43  b  may  be  manifested  in 
the  distal  end,  but  as  a  rule  the  ends  of  the  cut  nerve- 
bundles  do  not  show  up  so  plainly. 

As  we  have  seen,  one  of  the  commonest  factors  producing 

nerve  paralysis  is  fibrous  tissue  about  a  nerve — forming 
adhesions,  constrictions,  and  other  pressure  effects. 
When  a  nerve  has  been  freed  from  its  adhesions,  and 

the  abnormal  conditions  encountered  have  been  surgically 
dealt  with,  it  occurs  to  every  operator  that  steps  must  now 
be  taken  to  prevent  a  recurrence  of  the  condition. 

To  some  of  the  earliest  workers  in  this  branch  of  surgery 
it  seemed  that  adhesions  could  only  be  prevented  if  the 

line  of  suture  were  '  protected  '  by  ensheathing  this  region 
of  the  nerve  in  a  portion  of  excised  vein,  in  a  sheath  of 
fascia  or  of  fat,  or  in  a  sheet  of  cargile  membrane.     The 
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results  in  a  very  large  number  of  cases  have  been  excellent, 

but  it  is  now  evident,  comparing  numbers  of  cases  in  which 

different  methods  have  been  employed,  that  the  use  of 

an  enwrapping  sheath  is  not  necessary.  There  is  no 

doubt  that  sometimes  this  adventitious  covering  has  be- 
come converted  into  dense  fibrous  tissue,  and  has  helped  to 

bring  about  the  very  condition  which  its  use  was  intended 

to  prevent.  In  other  instances  it  has  acted  as  a  foreign 

body,  and  has  kept  up  irritation  in  the  wound  until  it 
has  been  removed.  In  every  case  it  has,  to  a  certain 

extent,  interfered  with  the  vascular  supply  of  the  portion 
of  nerve  so  invested. 

With  regard  to  this  important  point  of  fibrous-tissue 
formation,  with  subsequent  adhesions,  the  following  facts 
should  be  noted  : 

1.  Fibrosis  is  mainly  deyendent  on  sepsis.  The  longer 
the  duration  of  the  sepsis,  the  more  pronounced  is  the 
fibrotic  condition  of  the  surrounding  structures. 

To  ensure  a  successful  operation,  sufficient  time  must 
be  allowed  to  intervene  between  the  healing  of  the  wound 

and  the  operation  on  the  nerve,  to  warrant  the  assumption 
that  the  operation  will  involve  only  aseptic  structures. 
The  interval  allowed  should  not  be  less  than  two  months 

from  the  disappearance  of  all  signs  of  inflammation  in 
the  neighbourhood  of  the  healed  wound.  And,  too,  the 

conduct  of  the  operation  on  the  nerve  must  be  rigidly 

aseptic. 
2.  Clumsy  manipulation  of  a  wound  militates  against  the 

perfect  heahng  of  that  wound,  and  should  be  scrupulously 
avoided.  All  the  structures  should  be  delicately  handled. 

It  may  not  be  altogether  amiss  to  suggest  that  the  anatomy 

of  the  part  should  be  intimately  known  before  the  opera- 
tion, not  learned  during  its  performance  ! 

3.  Infiltration  of  blood  into  and  between  the  tissues  is 
always  followed  by  more  or  less  fibrosis.  Great  care 

should  therefore  be  paid  to  haemostasis,  so  that  the  opera- 
tion wound  may  be  left  perfectly  dry. 
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This  may  occupy  a  good  deal  of  time,  since  all  the  tissues 

in  the  damaged  area  are  usually  liberally  supplied  with 
newly  formed  vessels,  and  their  section  is  followed  by 

oozing,   which  is  widespread  and  persistent. 
4.  Two  injured  surfaces  lying  in  contact  tend  to  adhere. 
To  free  a  nerve  from  adherent  surroundings,  whether 

subsequent  suture  be  performed  or  not,  and  to  allow  it  to 
remain  in  contact  with  the  bed  of  injury,  is  to  invite  a 
recurrence  of  the  trouble.  We  must  ensure  that  the 

injured  portion  of  the  nerve  shall  be  placed  in  contact 
with  uninjured  tissues.  This  can  be  effected,  either  by 

displacing  the  nerve,  so  that  it  lies  over  uninjured  struc- 
tures, or  by  sewing  a  piece  of  adjacent  fat,  fascia,  muscle, 

or  muscle-sheath  over  the  bed  of  injury. 

5.  Injured  nerve-fibres  uncovered  by  their  normal  sheath, 
and  so  in  contact  with  unusual  tissues,  run  riot — fine 

axis-cylinders  shoot  out  in  all  directions,  and  eventually 

are  found  composing  the  greater  part  of  the  bulbous  end- 
ings (see  Fig.  10,  p.  10)  and  assisting  in  the  formation  of 

the  surrounding  adhesions  (82  per  cent,  of  these  adhesions 

contain  axis-cylinders  ̂ ). 
It  is  therefore  necessary  to  close  any  breach  that  may 

exist  in  the  sheath  of  the  nerve,  in  order  not  only  to  protect 

the  nerve-fibres  from  injury,  but  also  to  protect  the  sur- 

rounding tissues  from  invasion  by  this  '  nerve-callus.' 

1.  The  nerve  may  be  completely  divided. 

(a)  The  ends  are  distinctly  separated. 

It  will  generally  be  found  that  the  proximal  portion  of 
the  nerve  ends  in  a  bulbous  extremity.  The  distal  portion 

is  usually  smaller  in  size  than  the  proximal :  its  end  may 
be  bulbous,  although  as  a  rule  it  is  not,  but  it  always  feels 
harder  than  the  normal  nerve. 

Transverse  sections  are  made  across  the  proximal  and 

distal  ends  until  the  cross-sections  show  the  appearances 

^  Capt.  Sydney  Cone,  British  Journal  of  Surgery,  April  1918. 



88     NERVE  INJURIES   AND  THEIR  TREATMENT 

described    on    p.    85.     These    freshened    ends    are    now 
brought  into  apposition  and  sheath  is  sutured  to  sheath. 

Fig.  44. — Complete  division  of  a  nerve.       There  is  obviotis  solution  of 
continuity  in  the  nerve.     Both  proximal  and  distal  ends  are  bvilbous. 

(b)  There  is  pseudo-continuity. 

The  ends  of  the  cut  nerve  are  united  by  dense  fibrous 
tissue.  On  either  side  of  this  connecting  band  the  nerve 
ends  in  a  bulbous  enlargement. 

It  matters  not  how  long  or  short  the  connecting  band 
may  be,  the  treatment  consists  in  excising  this,  together 

Fig.  45. — Complete  division  of  a  nerve.      There  is  pseudo-continuity. 

with  portions  of  the  proximal  and  distal  ends,  until  satis- 
factory cross-sections  are  obtained.  Then  suture  as usual. 

(c)  In  some  cases  of  complete  nerve  paralysis  there  is  no 

Fig.  46. — Complete  interruption  of  a  nerve  by  a  central  neuroma. 

obvious  solution  of  continuity,  but  in  the  apparently  unin- 
terrupted nerve  we  find  a  condition  which  closely  simulates 

a  terminal  bulbous  end;  to  this  the  name  of  central 
neuroma  has  been  given. 
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The  swelling  involves  the  whole  circumference  of  the 
nerve  trunk.  Such  a  nerve  should  be  freed  from  its 

surroundings,  insulated  on  a  glass  rod,  and,  just  above  the 
lesion,  electrically  stimulated  at  various  points  around  its 

circumference.  If  no  response  is  elicited  in  any  muscle 

supplied  by  the  nerve  below  the  lesion,  the  neuromatous 
mass  should  be  excised.  The  bulb  is  grasped  and  traction 

made  proximally  and  distally,  so  as  to  stretch  both  ends 
of  the  nerve.  To  determine  how  much  of  the  nerve  needs 

excision,  transverse  incisions  are  made,  commencing  near 

the  middle  of  the  bulbous  portion,  and  proceeding  proxim- 
ally and  distally  until  the  nerve  presents  the  appearances 

already  described. 

(d)  Other  cases  of  complete  paralysis  reveal  a  segment 
of  nerve  which,  though  not  bulbous,  is  profoundly  altered, 

It  is  usually  densely  incorporated  with  the  surrounding 
structures,  and,  when  dissected  free  from  these,  feels  and 
looks  like  fibrous  tissue. 

Site   of  adhesion  to 

internal   Popliteal 

Dense    adhesion   to  Femur. 

Fig.  47. — A  gunshot-wound  of  the  external  popliteal  nerve.     The 
injured  segment  looks,  feels,  and  cuts  like  a  mass  of  fibrous  tissue. 

Around  the  treatment  of  this  type  of  lesion  much 

controversy  has  raged. 
The  question  for  solution  is  this  :  Should  the  thickened 

area  be  cut  out  and  the  apparently  normal  ends  sutured 

together,  or  is  it  better  merely  to  free  the  segment  from 
its  surrounding  adhesions  and  endeavour  to  prevent  fresh 
adhesions  ? 

In  other  words,  is  the  thickened  area  a  mass  of  fibrous 
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tissue  which  will  interfere  with  the  regeneration  of  the 

nerve,  or  are  there  still  nerve-fibres  in  it  whieh  are  in 
process  of  linking  up  the  two  ends,  and  is  the  fibrous  tissue 
serving  a  useful  purpose  by  uniting  the  ends  ? 

To  determine  this,  various  methods  have  been  em- 

ployed : 
1.  Electrical  stimulation  of  the  nerve  above  the  fibrous 

zone,  and  noting  the  presence  or  absence  of  muscular 

response. 
2.  Excision  of  a  small  piece  of  the  fibrous  zone  and 

immediate  microscopic  examination  for  nerve  structure, 

teasing  the  fragment  in  a  5  per  cent,  solution  of  osmic  acid. 
3.  Injection  into  the  proximal  end  of  the  scar  area  of 

1  c.c.  of  1%  methylene  blue,  and  observing  the  infiltration 

of  the  coloured  solution  through  the  suspected  mass  into 

the  nerve  distal  to  the  lesion  (scar  tissue  does  not  permit 
the  passage  of  methylene  blue  ;  nerve  structures  do). 

These  last  two  methods  have  no  practical  utility,  for 

repeated  microscopic  examinations  have  proved  that  what 

is  commonly  referred  to  as  '  fibrosis  '  in  and  about  an 
injured  nerve  consists  largely  of  newly  developed  axis- 
cylinders  ramifying  in  all  directions,  combined  with  a 
smaller  proportion  of  fibrous  tissue  properly  so  called, 
constituting  a  very  dense  structure,  to  which  the  name  of 

'  nerve  callus  '  has  been  given. 
The  first  method,  that  of  electrical  stimulation,  is  of 

great  utility,  for  by  it  we  gain  information  as  to  whether 

any  part  of  the  injured  segment  is  capable  of  conducting 

impulses. 
The  injured  segment  and  adjoining  nerve  are  freed  from 

their  surroundings.  A  glass  rod  is  passed  under  the  nerve, 

which  is  then  stimulated  by  a  very  weak  faradic  current. 
One  electrode  is  attached  to  some  remote  part  of  the  body, 

the  other,  the  testing  electrode,  is  a  long  metal  probe 

which  is  applied  to  the  various  parts  of  the  circumference 
of  the  nerve,  proximal  to  the  injured  segment. 

It  renders  the  examination  more  satisfactorv  if  a  metro 

i 
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nome  be  placed  in  the  circuit,  for  in  this  way  the  primary 
current  is  rhythmically  made  and  broken,  and  the  testing 

electrode  can  then  be  placed  in  contact  with  the  particular 
site  it  is  desired  to  investigate  and  allowed  to  remain  in 

contact  with  it.  Otherwise  it  is  necessary  to  repeatedly 
remove  the  testing  electrode  from  contact  with  the 
nerve. 

If  no  response  is  obtained  by  such  stimulation  above 
the  lesion,  the  injured  segment  should  be  excised. 

We  are  of  course  assuming  that  the  particular  case  under 

consideration  has  been  carefully  and  repeatedly  examined 
and  treated  ;  that  it  has  from  early  days  exhibited  all 

the  signs  of  total  paralysis,  and  that  in  spite  of  persistent 

treatment  for  three  months  no  sign  of  recovery  has  mani- 
fested itself. 

If  it  is  considered  necessary  to  stretch  the  nerve,  this 

should  now  be  done  ;  the  fibrosed  segment  being  grasped 
as  the  traction  is  made. 

To  determine  how  much  of  the  segment  needs  excision, 

transverse  incisions  are  made  through  it,  commencing 

near  the  middle  of  the  segment  and  proceeding  both 

proximally  and  distally,  until  the  cross-sections  present 
the  appearances  already  described. 

It  is  wise  not  to  make  these  transverse  sections  com- 

pletely through  the  segment,  but,  until  the  first  sutures 
have  been  inserted,  to  leave  an  uncut  edge.  This  lessens 

the  possibility  of  torsion  of  the  proximal  and  distal  ends 
of  the  nerve,  and  thus  there  is  a  greater  likelihood  of  the 

corresponding  cut  ends  of  the  various  nerve-bundles  being 
placed  in  apposition. 

If  judicious  stretching  combined  with  alteration  of  the 

direction  of  the  nerve,  or  with  flexion  of  the  joint  over 
which  the  nerve  passes,  does  not  permit  the  two  ends  to 

be  brought  into  loose  contact,  a  segment,  or  if  necessary  a 
bundle  of  two  or  more  segments  of  a  sensory  nerve,  from 

the  patient's  own  body,  should  be  transplanted  between 
the  ends  of  the  nerve. 
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2.  The  cut  ends  of  the  nerve  may  be  so  widely  separated  that 
it  is  not  possible  to  bring  them  into  loose  contact. 

The  following  methods  may  be  employed  : 
(a)  Flexion  of  the  joint  over  which  the  nerve  passes.  This 

is  particularly  useful  in  operations  on  the  great  sciatic, 
popliteal,  ulnar,  and  median  nerves. 

It  need  hardly  be  said  that  the  amount  of  flexion  must 
not  be  such  as  ultimately  to  impair  seriously  the  utility 
of  the  limb. 

Fig.  48  is  that  of  a  gunshot-wound  through  the  lower 

Bullet  track  through  femur  seen 

on  removing  fibrous  mass 
GREAT  SCIATIC 

Dense  fibrous  mass  intervening  □  Jpl[VeaL 
between  the  nerve  ends  &  closely 
adherent  to  popliteal  surface 
of  femur. 

Fig.  48. — Rifle-bullet  wound  or  the  great  sciatic  nebve.  The 
dotted  lines  show  the  limits  of  the  portions  excised  before  sutvtring  the 
ends  together. 

end  of  the  right  femur.  The  bullet,  having  perforated 
the  femur,  had  divided  the  sciatic  nerve ;  the  ends  were 
separated  by  a  gap  of  3|  centimetres.  It  was  seen  that 
the  proximal  end  of  the  nerve  terminated  in  a  large  bulb, 
whilst  a  smaller  bulb  was  situated  in  the  external  popliteal 
nerve  very  near  to  its  severed  end.  There  was  no  bulbous 
enlargement  of  the  internal  popliteal  nerve. 

The  fibrosed  ends  of  the  nerves  were  removed,  together 
with  the  mass  of  dense  fibrous  tissue  uniting  each  to  the 
other  and  both  to  the  posterior  surface  of  the  femur. 
In  spite  of  the  wide  separation  (7  centimetres  after  the 
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ends  had  been  freshened),  the  ends  were  easily  brought 

together  after  stretching  the  proximal  end  and  slightly 
flexing  the  knee. 

In  such  operations  as  this,  great  care  must  be  taken 

to  prevent,  for  at  least  six  weeks,  any  movement  of 
the  joint  which  may  throw  strain  upon  the  zone  of 
suture. 

Bearing  this  in  mind,  the  usual  general 

treatment  with  regard  to  massage  of 
the  limb  and  movements,  both  active 

and  passive,  of  the  neighbouring  joints 
is  to  be  commenced  three  weeks  after 

the  operation. 
(6)  Altering  the  position  of  the  nerve 

so  as  to  shorten  its  course. 

This  is  especially  applicable  to  the 
ulnar  nerve. 

Fig.  49  represents  the  two  ends  of 

the  ulnar  nerve  following  a  gunshot - 
wound  at  the  bend  of  the  elbow. 

The  proximal  portion  of  the  nerve 
ended  in  a  slight  enlargement  just  above 

and  behind  the  internal  condyle,  and 
for  5  centimetres  above  this,  the  nerve  was 

distinctly  thickened  and  was  harder  than 

normal,  due  apparently  to  hsemorrhage 
into  the  nerve  and  subsequent  fibrosis. 

Below  this,  and  filling  up  the  ulnar 
fossa  behind  the  internal  condyle,  was 

nothing  but  fibrous  tissue,  and  the  distal  lowing  a  gunshot- 
end  of  the  nerve  was  found  adherent  to  wound  at  the  bend 

the  periosteum  of  the  humerus.  °      e  e    ow. 
The  freshened  ends  of  the  nerve  were  sutured  together, 

after  bringing  them  in  front  of  the  internal  condyle 
(Fig.  50). 

(c)  Transplantation. 

A  sufficiently  long  segment  of  one  of  the  patient's  sensory 

Fig.  49.— The  two 
ends  of  a  divided 

ULNAR     NERVE,     fol- 
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nerves  is  excised  and  interposed  between  the  separated 
ends  of  the  paralysed  nerve. 

The  radial  nerve  lends  itself 

readily  to  this  procedure,  for 

if  the  niusculo-spiral  nerve  be 
followed  down  to  its  division 

into  radial  and  posterior  in- 
terosseous, a  segment  may  be 

excised  from  the  radial  nerve 

sufficiently  long  to  bridge  any 

gap  likely  to  exist  between 
the  ends  of  the  divided  nerve 

(Fig.  51),  with  little  or  no 
anaesthesia  resulting  in  the 
radial  area. 

In  the  lower  limb  the  in- 

ternal cutaneous,  the  mus- 
culo-cutaneous,  or  internal 

saphenous  nerve  is  chosen  for 

transplanting.  Two  or  more 

pieces  may  be  placed  side  by 
side,  if  necessary,  to  make  the 

graft  approximate  in  size  to 
the  nerve  ends  which  are  being 
united. 

Fig.  50. — ^THEiinsnERASPECTOF 
THE  LOWER  END  OF  THE  HUMERUS, 

showing  the  normal  route  of  the 
ulnar  nerve  A  B  c,  and  the  new 
shorter  route  a  c,  after  the  ends 
of  the  nerve  are  sutured  in  front 

of  the  internal  condyle. 

MUSCULO-SPIRAL 

^Ous 

Fig.  51. — A  portion  of  the  radial  nerve,  transplanted  between  the 
separated  ends  of  the  musculo-spiral  nerve. 

(d)  Nerve  anastomosis.
  ''^ 

The  peripheral  end  of  the  paralysed  nerve  is  united  to 
the  cut  surface  of  a  neighbouring  healthy  nerve,  which 

is  either  partially  or  wholly  divided. 
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Fig.  52  represents  a  gunshot-wound  of  the  fifth  cervical  root. 

At  the  site  of  its  emergence  from  under  cover  of  the  scalemus 

anticus  muscle,  the  nerve  was  replaced  by  a  mass  of  scar 

tissue.  Careful  dissection  through  the  muscle  revealed  no 

proximal  portion  of  the  nerve  to 
•which  the  distal  end  could  be 

sutured.  The  spinal  accessory- 
nerve  was  therefore  anastomosed 

to  the  fifth  cervical  nerve,  distal 
to  the  fibrosed  segment. 

Six  months  later  the  patient 
could  voluntarily  contract  his  biceps 
muscle. 

Another  example  of  nerve 
anastomosis  is  the  operation  for 

facial  paralysis,  in  which  the 
distal  end  of  the  paralysed  facial 

nerve  is  sutured  to  the  central  fifth  cervical  j^-ertb. 
end  of  the   healthy  hypoglossal   nerve. 

Fig.    52. — Anastomosis    of 
the  spinal  accessory  to  the 

8.  Incomplete  Division  of  the  Nerve. 

A  part  only  of  the  nerve  may  be  divided.  This  part 

may  be  any  proportion  of  the  w'hole  nerve,  from  a  mere 
surface  lesion  to  one  w^hich  destroys  the  greater  part  of 
the  nerve,  leaving  but  a  strand  uninjured. 

Fig.  53  is  that  of  the  fifth  cervical  nerve  which  has  been 

Fig.  53. — Fifth  cer\acal  nerve,  showing  lateral  neuroma. 

dissected  free  from  the  fibrous  scalemus  anticus  to  which 

it  was  intimately  adherent. 

The  nerve  shows  a  nodular  projection  at  the  proximal 

end  of  the  lesion.  This  is  hard  on  palpation,  and  on 

microscopic  examination  reveals  a  medley  of  nerve-fibres 
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resembling  that  found  in  the  bulbous  ending  of  a  com- 

pletely severed  nerve.  This  nodular  projection  is  some- 
times called  a  lateral  neuroma.  Sometimes  a  similar 

nodule  is  found  on  the  distal  side  of  the  lesion. 

The  treatment  consists  in  excising  the  indurated  edge  of 
this  traumatic  sulcus,  paring  away  sufficient  of  the  fibrosed 
structure  to  reveal  nerve-bundles  on  the  face  of  the  neuro- 

matous swelling.  The  proximal  half  of  this  new  surface 
is  now  sutured  to  the  distal. 

Fig.  54  is  that  of  a  median  nerve  in  which  a  narrow 

strand  of  apparently  unaltered  nerve  maintains  the  con- 

FiG.  54. — A.  The  median  nerve,  showing  a  lateral  notch,  at  the 
UPPER  edge  of  which  IS  A  LATERAL  NEUROMA.  The  dotted  line  indicates 

the  area  which  needs  excision.  B  shows  the  prepared  nerve-ends  ready 
for  suture. 

tinuity.     Note  in  this  case,  as  in  the  preceding,  the  lateral 
neuroma  at  the  upper  margin  of  the  lateral  notch. 

The  treatment  consists  in  excising  the  indurated  edge 

and  removing  successive  transverse  slices  from  the  neuro- 
matous swelling  until  it  presents  a  surface  studded  with 

nerve-bundles.  The  proximal  and  distal  surfaces  are  then 
brought  into  apposition  and  sheath  sutured  to  sheath. 
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Fig.  55  is  that  of  a  median  nerve  incompletely  divided. 

The  injury  was  caused  by  the  patient  falling  through  a 
window,  and  receiving  a  punctured  wound  in  the  upper 
arm  on  the  inner  side  of  the  biceps  muscle.  The  nerve 

was  intimately  adherent  on  its  outer  and  posterior  surfaces 
to  a  fibrous  mass,  and  when  dissected  out  of  this,  was  seen 

to  have  two  lateral  neuromata  separated  by  a  notch. 

Transverse  sections  revealed  fibrosis  through  the  whole 
of  the  nerve  until  sections  numbered  3  and  5  were  made. 

These  surfaces  were  then  sutured  together. 

■-    3 

A  B  C 

Fig.  55. — An  incomplete  lesion  of  the  median  neeve.     There  are 
TWO  LATERAL  NEUROMATA,  Separated  by  a  lateral  notch.  (See  letterpress.) 

If  the  nerve  remote  from  the  neuromata  were  normal, 

then  only  the  portion  '  3-5  '  (Fig.  55  b)  would  need  excision, 
the  gap  being  closed  either  by  direct  suture,  or  by  implant- 

ing a  segment  of  sensory  nerve  (Fig.  55  c). 
Fig=  56  shows  an  incomplete  lesion  of  the  inner  cord  of 

the  brachial  plexus.     At  the  site  of  injury  the  nerve  was 
adherent  to  a  mass   of  fibrous   tissue,  in  which  was  the 

fibrosed    and     obliterated    axillary    artery.       The    nerve 
7 
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showed  a  lateral  neuroma,  but  no  lateral  notch.  The 

neuro-fibromatous  mass  was  excised,  and  the  proximal 
face  of  the  wound  sutured  to  the  distal. 

It  may  happen  that  when  the  fibro-neuromatous  mass 
has  been  excised,  the  deficiency  in  the  nerve 
cannot  be  closed  by  suture.  In  this  case  a 

nerve  graft  or  grafts  should  be  taken  from  a 
convenient  sensory  nerve,  and  used  to  bridge 

the  interval  between  the  proximal  and  distal 

surfaces  of  the  divided  portion  of  the  nerve. 
(See  Fig.  55  c.) 

4.  The  nerve  is  compressed. 

(a)  The  compressing  agent  is  usually  more 
Fig.  56.-AN    ̂ ^  j^^^  ̂ ^^^  fibrOUS  tisSUe. INCOMPLETE 

LESION  OF  THE  ̂ hc  treatment  consists  in  making  a  clean 
INNER  CORD  OF  longitudiual  incision  through  the  fibrous  tissue 
THE  BRACHIAL  (Iqwu  to  thc  ucrvc,  aud  shelling  it  out  of  its PLEXUS,    show-      ,        1  rru-  4--  ^    f  •  4-1 
ing  a  lateral  "^^'  ̂ '^^^  operation  oi  treemg  the  nerve  is 
neuroma,  with   termed  NeuTolysls. 

no  lateral  This  is  best  done  by  passing  a  strip  of  ribbon 
notch.  ,        .,  ̂   ̂   ®.        1  1-  4-    1  4- gauze  under  the  nerve,  proxunal  or  distal  to 

the  adherent  segment  ;  by  this  the  nerve  is  Hfted  up 
toAvards  the  operator,  and  a  sharp  knife,  carefully  used, 
easily  cuts  through  the  fibrous  investment  without  in- 

juring the  nerve,  and  at  the  same  time  the  nerve  is 

lifted  out  of  its  fibrous  bed.  The  nerve  is  less  hkely  to 

be  sharply  kinked  and  injured  by  the  ribbon  gauze  if  a 
small  pad  of  gauze  be  placed  between  the  two  (Fig.  57). 

If  the  nerve  on  liberation  appears  normal,  if  in  particular 
there  is  neither  thickening  in  its  structure,  nor  lateral 

neuromata,  we  should  be  content  with  its  liberation,  taking 

care  now  to  alter  its  position  so  that  it  lies  amongst  un- 
injured structures. 

If  on  the  other  hand  we  find  gross  changes  in  the  nerve, 
they  should  be  treated  in  the  manner  already  indicated. 
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Great  assistance  is  afforded  in  these  cases  by  the  results 
obtained  on  electrical  stimulation.  A  nerve  which  con- 

ducts impulses  through  its  injured  segment  needs  no  further 
intervention. 

In  those  cases  where  electrical  stimulation  above  the 

lesion  produces  no  muscular  contraction  in  the  muscles 
supplied  below  that  level,  we  must  be  guided  by  the 
appearance  of  the  nerve.     One  that  looks  and  feels  normal 

yip^f 

Fig.  57. — ^The  ulnar  nerve  for  a  distance  of  four  centimetres  embedded 
in  fibrous  tissue.  A  piece  of  ribbon  gauze  is  passed  under  the  normal 
nerve  ;  by  means  of  this  the  nerve  is  lifted  up,  and  a  sharp  knife  cuts 
through  the  fibrous  investment. 

should  be  given  an  opportunity  to  recover.  If  on  the 
other  hand  a  neuromatous  mass  can  be  felt  in  the  injured 
segment,  this  segment  should  be  excised. 

Fig.  58  shows  the  median  nerve  dissected  out  of  a  mass 
of  dense  fibrous  tissue. 

The  patient  had  fallen,  sustaining  a  fracture  of  the  lower 
end  of  the  humerus  with  marked  dislocation  backwards 

of  the  lower  end.  There  was  great  el'iusion  of  blood  in 
the  region  of  the  elbow  joint.  Median  nerve  paralysis 
developed. 

Nine  weeks  later  an  operation  was  performed.  The 

median  nerve  in  the  arm  was  exposed  and  was  followed 
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downwards  into  a  dense  mass  of  fibrous  tissue  ;  the  distal 

end  of  the  median  nerve  was  exposed  on  cutting  through 

the  superficial  head  of  the  pronator  radii  teres,  which  was 
white  and  fibrous  and  presented  no  appearance  of  normal 
nmsele.  Between  these  two  points  the  nerve  bent  acutely 
towards  the  bone.  Careful  dissection  delivered  the  nerve 
out  of  its  fibrotie  bed. 

There  was  continuity  of  the  nerve,  or  rather,  the  nerve- 
sheath  was  continuous,  but  at  the  apex  of  the  depressed 

angle  the  sheath  seemed  empty.  There  was  no  fibrosis 
in   this    segment   and    no    perceptible    hardening   in   the 

Fig.  58. — ^The  median  nerve,  severely  compressed  by  dense 

fibrous  tissue,  consequent  on  a  fract\ire-dislocation  of  the  lower  end  of  the 
humerus. 

portions  of  the  nerve  above  and  below — these  gradually 
tapered  down  to  the  collapsed  angle. 

The  freed  portion  of  the  nerve  was  then  wrapped  in 

a  piece  of  fascia  removed  from  over  the  biceps. 
A  month  later  there  was  less  w^asting  of  tlie  thenar 

muscles,  and  three  months  after  the  operation  the  patient 

could  flex  all  the  finger-tips  firmly  into  the  palm,  includ- 
ing that  of  the  index  finger. 

(6)  In  other  cases  the  nerve  is  compressed  by  bone 
eaUus.  This  condition  occurs  most  commonly  in  fractures 

of  the  shaft  of  the  humerus,  when  the  musculo-spiral 

nerve  is  very  liable  to  become  involved  in  the  callus,  with 

resulting  paralysis. 

The  nerve  should  be  exposed  well  above  and  below  the 

site  of  injury,  and  both  proximal  and  distal  ends  followed 

into  the  obstructing  mass.  The  callus  which  presses  upon 

the  nerve  is  carefully  cut  away.     The  nerve  is  hfted  out 
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of  its  bony  bed,  and  its  position  altered  so  that  it  may 

lie  on  uninjured  structures.  If  this  is  not  possible,  a  pad 
of  fat  should  be  interposed  between  the  injured  segment 

of  the  nerve  and  the  exposed  bony  surface. 
(c)  The  nerve  is  sometimes  compressed  by    the  displaced 

end  of  a  fractured  bone. 
The  treatment  consists  in  the 

efficient  treatment  of  the  fracture. 

In  most  cases  it  will  be  necessary 
to  cut  down  on  the  fracture  and 

plate  the  ends  of  the  bone.  At 
the  same  time  the  condition  of  the 

nerve  should  be  investigated.  Any 
loose  fragments  of  bone  lying  in 
the  immediate  neighbourhood  of 
the  nerve  should  be  removed. 

(d)  Symptoms  of  nerve  com- 
pression are  sometimes  produced 

by  the  pressure  of  a  slowly  increasing 

bony    deformity.     Sec  p.  167. 

5.  The  nerve  may  be  found  closely 

adherent  to  some  adjacent  struc- 
ture from  which  it  can  be  separated 

intact,  but  in  the  region  of  the 
adhesion  marked  thickening  can 
be  felt  in  the  nerve. 

Fig.  59.  —  Backward 
displacement  of  the 

lower  end  of  a  frac- 

TURED FEMUR,  producing 

paralysis  of  the  external 

popliteal  nerve. Fig.  63  is  that  of  the  great  sciatic 
nerve    in    the    lower   third   of  the 

thigh.  The  external  popliteal  nerve  was  closely  adherent 
on  its  outer  and  deeper  edge  to  the  posterior  surface 
of  the  femur  (Fig.  60  a). 

This  condition  may  be  treated  in  one  of  the  following 
ways  : 

1.  By  separating  the  nerve  from  its  adhesions  and  then 

interposing  between  the  injured  surfaces  a  fold  of  fat  or 
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of  fascia,  or  by  altering  the  position  of  the  nerve,  so  as 
to  prevent  a  recurrence  of  the  adhesions. 

2,   In  addition  to  the  above,   by  making  longitudinal 

EXT  FBNAL 

PO  PLITEAL 

INTERNAL 

POPLITEAL. 

INTERNAL 
POPLITEAL. 

EXTERNAL POPLITEAL. 

Fig.  60. — Sciatic  xerve.  a.  Outer  edge  and  adjoining  portion  of  deep 
surface  adherent  to  periosteum,  with  marked  thickening  in  that  portion 
of  the  external  pophteal.  B,  The  nerve  freed  from  adhesions.  Three 

longitudinal  incisions  are  made  through  the  indurated  area,  extending 
beyond  its  limits,  and  deep  enough  to  go  through  its  substance. 

incisions    through    the    indurated    area.     French    writers 

speak  of  this  operation  as  '  hersage,^  i.e.  harrowing. 
3.  Excision  of  the  indurated  portion  and  direct  suture 

of  the  cut  edges.  If  direct  suture  be  impossible,  a  segment 
of  a  cutaneous  nerve  should  be  implanted  between  the 
cut  ends.     (See  Fig.   55  c.) 

6.  It  is  not  uncommon  to  find  in  one  wound  diverse  lesions  of 
several  nerves. 

This  is  particularly  common  in  wounds  of  the  brachial 

plexus,  and  of  the  upper  half  of  the  arm.  The  following 
are  two  examples  : 

Fig.  61  represents  a  gunshot  hole  in  the  humerus  filled 
with  fibrous  tissue,  in  which  are  embedded  the  ulnar  and 
internal  cutaneous  nerves,  the  separated  ends  of  the  divided 
median  nerve,  and  the  fibrosed  termination  of  the  brachial 
artery. 

The  treatment  consisted  in  neurolysis  of  the  ulnar  and 

internal  cutaneous,  freshening  and  suturing  the  ends  of  the 
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median  nerve,  and  altering  the  position  of  all  the  nerves,  so 
that  they  no  longer  lay  in  contact  with  injured  structures. 

Fig.  61. — A  gunshot-wotjnd^of  the  humerus,  with  obliteration  of  the 

brachial  artery,  division  of  the  median  ners'e,  and  compression  of  the 
ulnar  and  internal  cutaneous  ners'es. 

Note  the  conditions  of  the  brachial  artery,  rapidly  taper- 
ing to  a  fibrous  extremity.  When  first  exposed  the  altered 

artery  and  the  structures  in  its  neighbourhood,  including 

Direction  oF 
Bullet. 

?/  Oit  end  of clavicle. 

Fig.  62. — A  gunshot-wound  of  the  brachial  plexus. 

the  nerves,  formed  one  elongated  fused  mass,  from  which 

the  various  constituents  had  to  be  dissected  free.  It  is  by 
no  means  rare  to  find  this  condition  of  fibrosed  obliterated 

artery  ;    and,  when  associated  with  nerve  injuries,  it  is 
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usually  the  axillary  or  brachial  artery  which  is  thus 
affected,  and  for  the  obvious  reason  that  these  vessels 

are  intimately  related  to  main  nerve-trunks  throughout 
the  whole  of  their  course. 

Fig.  62  represents  a  composite  injury  of  the  brachial  plexus. 
The  seventh  cervical  nerve  was  found  to  be  divided  on  its  inner 

side  ;  the  other  nerves  were  fused  into  a  diffuse  neuromatous 
mass.  All  these  structures  were  connected  by  adhesions  to  the 
posterior  surface  of  the  clavicle. 

The  treatment  in  this  case  resolved  itself  into  the  excision 

and  suturing  of  the  incomplete  lesion  in  the  seventh  nerve,  and 

'  hersoge  '  of  the  diffuse  neuromatous  mass  in  the  other  nerves. 

7.  A  piece  of  metal  or  of  bone  may  be  lodged  in  the  nerve. 

Fig.  63  is  that  of  the  internal  cutaneous  nerve,  with  a 

Fig.  63. — Internal  cutaneous  nerve,  partially  divided  by  a  piece 
of  shell,  which  is  embedded  in.  a  mass  of  fibrous  tissue — the  \individed 
portion  of  the  nerve  is  also  fibrosed. 

small  piece  of  shell  partially  dividing  and  lodging  in  it 
embedded   in    a  mass    of   fibrous  tissue ;  the    undivided 

portion  of  the  nerve  is  also  fibrous. 
The  treatment  in  this  case  was  to  excise  the  piece  of 

nerve  involved  and  suture  the  divided  ends, 

A  similar  lesion  in  a  larger  nerve,  producing  symptoms 
of  incomplete  division,  would  be  treated  by  excising 

only  the  indurated  portion — leaving  the  uninjured  portion 
of  the  nerve  intact,  and  treating  the  resulting  deficiency 
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either  by  direct  suture  of  the  cut  edges,  or  by  implanting 
between  them  a  segment  of  a  cutaneous  nerve. 

Hopeless  Nerve  Injuries. 

There  still  remain  those  cases  where,  even  after  the  most 

carefully  conceived  and  efficiently  conducted  operations, 
recovery  in  the  nerve  fails  to  take  place. 

Also,  there  are  cases  which  do  not  lend  themselves  to 

operation,  e.g.  in  most  cases  of  complete  division  of  the 
posterior  interosseous  nerve. 

Other  cases  are  those  in  which  not  only  is  the  nerve 

supply  interrupted,  but  the  muscles  themselves  have  been 

extensively  destroyed,  either  by  the  original  wound  or 

later  by  long  continued  suppuration. 
In  all  these  cases  we  are  faced  with  a  limb  in  which 

certain  muscles  or  muscle-groups  are  permanently  placed 
hors  de  combat. 

As  a  result  the  antagonistic  muscles  are  unbalanced. 

These  contract  and  stretch  the  paralysed  muscles  and  their 

tendons,  and  deformity  results.  The  action  of  gravity 
is  often  an  additional  factor  in  producing  deformity. 

There  are  thus  two  factors  contributing  to  the  disable- 
ment of  the  limb  :  the  action  of  gravity,  combined  with 

the  absence  of  action  in  one  group  of  muscles  and  excess 
of  action  in  the  antagonistic  group. 

To  prevent  or  mitigate  deformity  and  to  increase  the 

efficiency  of  the  limb  the  following  procedures  may  be 
adopted. 

1.  Tendon  Transplantation. 

This  consists  in  altering  the  insertion  of  one  or  more  of 

the  over-acting  muscles,  so  as  to  convert  their  distorting 
action  into  a  corrective  and  useful  action. 

As  an  example,  in  irreparable  damage  of  the  musculo- 
spiral  nerve,  with  paralysis  of  the  extensors  of  the  wrist, 
fingers,  and  thumb,  resulting  in  a  useless  hand,  with 

dropped  wrist  and  fingers  flexed  into  the  palm — we  may 



106     NERVE  INJURIES  AND  THEIR  TREATMENT 

re-distribute  the  muscular  power  about  the  wrist  and 

finger- joints  by  converting  some  of  the  flexor  muscles 
into  extensors. 

The  tendon  of  the  flexor  carpi  radialis  is  divided  as  near 

its  insertion  as  possible,  brought  round  the  outer  side  of 
the  radius  and  united  to  the  extensor  tendons  of  the  thumb 

and  index  fingers.  The  tendon  of  the  flexor  carpi  ulnaris 

is  detached  from  the  pisiform  bone,  and  united  to  the 
extensor  tendons  of  the  three  ulnar  fingers.  Extension  of 

the  wrist  is  made  possible  by  detaching  the  pronator  radii 
teres  from  its  insertion  into  the  outer  side  of  the  shaft  of 

the  radius,  and  uniting  it  to  the  tendons  of  the  extensor 

carpi  radialis  longus  and  brevis. 

2.  Tendon  fixation. 

In  this  operation  the  tendons  of  paralysed  muscles  are 

Fig.  64. — Prosthetic  appliance  for  the  treatment  of  wrist- drop. 

utihzed  as  ligaments,  to  prevent  deformity  of  the  limb, 
and  to  maintain  the  joint  in  a  useful  position. 

Thus,  in  paralysis  of  the  external  popliteal  nerve, 

foot-drop  and  varus  may  be  prevented  by  implanting 
the   tendons    of  the  tibialis  anticus  and  peroneus  longus 
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into  a  deep  groove  cut  diagonally  across  the  front  of  the 
tibia. 

3.  Mechanical  or  prosthetic  appliances. 

By  mechanical  means  we  can  often  not  only  prevent 
deformity  which  would  otherwise  ensue,  but  convert  a 

useless  into  a  useful  limb.     (See  Figs.  40  and  6-1.) 

Stump  Neuralgia. 

This  is  sometimes  due  to  the  compression  of  nerve - 
trunks  in  the  scar  of  a  healing  stump.  In  other  cases, 

however,  the  pain  begins  within  a  few  hours  of  the  original 

amputation,  before  there  can  be  any  question  of  cicatrisa- 
tion. The  pain  recurs  in  paroxysms,  often  of  agonising 

intensity.  It  may  be  felt  by  the  patient  either  in  the 

stump  itself  or  in  the  fingers  or  toes  of  the  '  phantom  '  limb. 
Injection  of  alcohol  into  the  nerve-trunks  of  the  stump, 

higher  up  the  limb,  relieves  some  cases.  In  inveterate 
cases,  as  a  last  resort,  it  may  be  necessary  to  divide  the 

corresponding  posterior  roots  at  their  point  of  junction 

with  the  spinal  cord,  thereby  producing  permanent  and 
widespread  anaesthesia  of  the  limb. 



CHAPTER   VIII 

LESIONS    OF   INDIVIDUAL   NERVES 

The  individual  nerves  .differ  greatly  as  regards  the  fre- 
quency with  which  they  sustain  injury,  as  shown  in  the 

following  table  of  nerve  injuries  personally  seen  by  us 
during  the  war. 

STATISTICS  OF  520  CASES  OF  NERVE  INJURIES 

Cranial  Nerves  : 

Optic     ...... 
Ocular  (3rd,  4th,  and  6th) 
Trigeminal     ..... 
Facial   ...... 

Auditory        ..... 
Vagus  (recurrent  laryngeal  branch) 
Spinal  accessory    .... 
Hypoglossal  ..... 

C  2nd  and  5th 
3rd  and  7th 
5th  and  7th 
5th  and  ocular  nerves  . 

5th,  7th,  and  ocular  nerves 

Multiple  ̂   5th  and  12th 
7th  and  8th 
7th  and  10th 
7th  and  12th 

10th  and  cervical  sympathetic 
Recurrent  larjnigeal  and  5th  cerv 

Cervical  Sv>rpATHETic 

ical  root 

53 

Cervical  Plexus 

108 
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Uppeb  Limb  : 

Brachial  plexus 
Circumflex     . 
Median 
Ulnar    . 

Trunk 

Musculo-spiraH  Posterior  interosseoiis 
vRadial  . 

Wrisberg        ..... 
Musculo-cutaneous 
Multiple 

Median  and  vilnar 

Median  and  musculo-spiral 
Ulnar  and  musculo-spiral 
Median,  ulnar,  and  musculo-spiral 
Median  and  radial 

]\Iedian  (cutaneous),  radial,  and  external  cutaneous 

Musculo-spiral,  ulnar,  and  musculo-cutaneous  . 
Median,  ulnar,  and  internal  cutaneous 

Median,  ulnar,  miisculo-cutaneous,  and  internal  cutaneous 
Median  and  internal  cutaneous  . 

Median,  internal,  and  external  cutaneous  . 
Ulnar  and  internal  cutaneous    . 

Ulnar  and  posterior  interosseous 

Musculo-spiral  and  circiunflex    . 
Long  subscapular  and  intercostal 

TRtTNK  : 

Thoracic  nerves     .... 
Lower  Limb  : 

Cauda  equina 

Lumbro-sacral  plexus    . 

(Trunk  (i.e.  both  inte
rnal 

Internal  popliteal    . 
External  popliteal  . 

Posterior  tibial 

Plant ars         ..... 
Obturator      .... 
Anterior  crural 

Internal  saphenous 
External  saphenous 
Muscvilo-cutaneous 
Small  sciatic .... 
Multiple 

Sciatic  and  anterior  crural 
Great  and  small  sciatic 

Great  sciatic,  small  sciatic,  and  inferior  gluteal . 
Obturator  and  anterior  crural   .... 

and  external  popliteal) 

89 
1 

44 

76 63 1 
2 
1 
2 

16 

5 
4 
1 
1 
1 
1 
4 
1 

I 
2 
2 
1 
1 

I  - 

19 

9 
35 
3 33 

4 
1 
1 
7 
7 
1 
3 
3 

4 
3 
2 

1. 

321 

136 

620 
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Cranial-Nerve  Paralyses 

Notwithstanding  the  very  great  frequency  of  wounds 

of  the  head,  cases  of  paralysis  of  cranial  nerves  are  re- 
latively uncommon.  The  reason  for  this  is  obvious  : 

wounds  which  traverse  the  base  of  the  skull  are  so  often 

fatal  that  the  patients  rarely  survive  to  show  cranial-nerve 
palsies. 

Most  cranial-nerve  paralyses  are  seen  in  extra-cranial 
wounds,  where  the  nerves  are  implicated  after  their  exit 

from  the  cranial  base,  e.g.  in  wounds  of  the  orbit,  face, 

mastoid  region,  and  upper  part  of  the  neck. 
A  few  cases  are  due  to  fractures  running  down  into  the 

cranial  floor  and  damaging  the  nerves  at  their  foramina 

of  exit  ;  other  cases,  again,  are  due  to  intra-cranial  hae- 
morrhages, e.g.  at  the  front  of  the  pons  or  medulla. 

First,  or  Olfactory  Nerves. 

Anatomy.  The  olfactory  nerve-fibres  (which  are  un-myeli- 
nated)  arise  from  a  small  area  of  mucosa  lining  the  uppermost 
part  of  the  nasal  septum  and  outer  wall  of  the  nasal  cavity. 
They  pierce  the  cribriform  plate  of  the  ethmoid  in  about  twenty 
small  bundles  on  each  side,  and  terminate  in  the  superjacent 
olfactory  bulb. 

These  nerves  may  be  injured  in  fractures  of  the  anterior 
fossa  of  the  skull. 

The  sense  of  smell  is  tested  by  holding  aromatic  sub- 
stances such  as  oil  of  cloves,  peppermint,  or  asafoetida, 

in  front  of  each  nostril  in  turn,  closing  the  other  nostril 
with  the  finger.  Ammonia  or  acetic  acid  must  not  be 

used,  since  these  stimulate  the  sensory  fibres  of  the  fifth 

nerve,  and  may  produce  a  pungent  sensation  in  the  nose 
even  when  the  sense  of  smell  is  lost. 

In  testing  for  anosmia  we  should  inquire  as  to  the  sense 
of  smell  before  the  injury,  and  see  that  the  nostrils  are 

clear  of  blood-clot  or  other  local  obstructions,  e.g.  nasal 
polypi,  or  even  a  swollen  mucosa,  as  in  an  ordinary  cold 
in  the  head. 
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Ocular  nerves  :  The  third,  fourth,  and  sixth  nerves. 

Anatomy.  All  these  nerves  enter  the  orbit  through  the 
sphenoidal  fissure,  having  previously  traversed  the  walls  of  the 
cavernous  sinus. 

The  discussion  of  lesions  of  the  ocular  nerves  from 

intra-cranial  injuries  does  not  fall  within  the  scope  of  the 
present  work.  It  may,  however,  be  mentioned  that 

intra-cranial  haemorrhages  of  traumatic  origin  are  often 
associated  with  ocular  palsies,  the  sixth  nerve  being  the 

one  most  frequently  affected. 

The  presence  of  ocular  palsies  is  recognized  by  observing 
impairment  of  ocular  movements,  and  also,  more  delicately, 
by  noting  the  occurrence  of  diplopia.  For  the  latter,  it 

is  essential  that  the  visual  acuity  has  not  been  materially 

impaired  by  any  lesion  of  the  eye  itself  or  of  the  optic 
nerve. 

The  fourth  nerve  supplies  the  superior  oblique  muscle, 

whose  action  upon  the  eye  is  to  turn  the  anterior  pole 
downwards  and  outwards.  At  the  same  time  it  rotates 

the  vertical  meridian  slightly  inwards.  The  deficiency  in 
movement  of  the  eyeball  on  paralysis  of  this  muscle  is 

difficult  to  see,  but  the  patient  has  dj;^  pia  when  he  gazes 

downwards  or  outwards.  The  patient  feels  giddy,  es- 
pecially when  he  looks  downwards,  as  in  walking  down- 

stairs, and  he  habitually  inclines  his  head  forwards  and 
towards  the  sound  side. 

The  sixth  nerve  supplies  the  external  rectus.  Its 
paralysis  is  obvious,  since  the  affected  eye  cannot  be  turned 
outwards,  but  can  be  moved  in  all  other  directions. 

With  the  exception  of  the  superior  oblique  and  the 

external  rectus,  all  the  ocular  muscles  are  supplied  by  the 
third  nerve. 

The  third  nerve  also  supplies  the  voluntary  part  of  the 
levator  palpebrae  superioris ;  it  also  contains  fibres  which, 
through  the  ciliary  ganglion  and  short  ciliary  nerves,  supply 
the  sphincter  pupillai  and  the  ciliary  muscle. 
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In  complete  paralysis  of  the  third  nerve  there  is  ptosis, 

or  drooping  of  the  upper  eyelid,  from  paralysis  of  the 
levator  palpebrse,  with  elevation  of  the  eyebrow  on  the 
same  side  from  over-aetion  of  the  frontalis.  In  addition 

to  this,  there  is  external  strabismus  from  the  unopposed 
action  of  the  external  rectus,  and  there  is  inability  to  move 

the  eye  upwards,  directly  downwards,  or  directly  inwards  ; 
the  eye  can  be  moved  slightly  downwards  and  outwards 
by  the  superior  oblique. 

The  pupil  is  dilated  owing  to  the  paralysis  of  the  sphincter 
iridis,  and  does  not  contract  to  light  or  on  attempted 
accommodation. 

The  Fifth,  or  Trigeminal  Nerve. 

Anatomy.  This  nerve  has  two  roots,  sensory  and  motor. 
The  sensory  root,  immediately  distal  to  the  gasserian  ganglion, 
divides  into  three  divisions  :  ophthalmic,  superior  maxillary, 
and  inferior  maxillary  ;  the  inferior  maxillary  is  joined  by  the 
motor  root  of  the  fifth  and  then  becomes  a  mixed  nerve. 

The  ophthalmic  division  passes  through  the  sphenoidal 
fissure  into  the  orbit.  It  supplies  the  eyeball  and  lachrymal 
gland,  the  conjunctiva  (except  that  of  the  lower  lid),  the  skin 
of  the  forehead  and  scalp  up  to  the  vertex,  the  mesial  part  of 
the  skin  of  the  nose,  and  the  mucous  membrane  of  the  upper 
part  of  the  nasal  cavity ;  it  is  joined  at  the  gasserian  ganglion 

by  pupil-dilating  fibres  from  the  cervical  sj^mpathetie. 
The  superior  maxillary  division  passes  through  the  foramen 

rotundum,  across  the  spheno-maxillary  fossa,  to  the  infra- 
orbital canal.  It  supplies  the  skin  of  the  upper  lip,  the  side 

of  the  nose  and  adjacent  part  of  the  cheek,  the  lower  eyelid, 
and  part  of  the  temple.  It  also  supplies  the  conjunctiva  of 
the  lower  lid,  the  upper  teeth,  and  the  mucous  membrane 
of  the  following  regions :  the  upper  lip,  the  buccal  cavity  above 
the  level  of  the  angle  of  the  mouth,  the  upper  jaw,  including 
the  alveolar  margin  and  the  hard  palate,  the  soft  palate  and 

uvula,  the  naso-pharynx  and  middle  ear,  and  the  mferior  nasal 
fossa. 

The  sensory  distribution  of  the  third  division  is  to  the 
posterior  part  of  the  temple  and  adjacent  part  of  pinna,  the 
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anterior  and  upper  wall  of  the  external  auditory  meatus,  as 

far  as  and  including  the  anterior  part  of  the  tympanic  mem- 
brane, part  of  the  cheek,  the  lower  lip  and  chin,  the  lower 

teeth,  the  mucosa  of  the  buccal  cavity  below  the  level  of  the 
angle  of  the  mouth,  the 
tongue  (as  far  back  as 

the  circumvallate  pa- 
pillae), the  floor  of  the 

mouth,  and  the  salivary 
glands. 
The  motor  part  of 

the  inferior  maxillary 
division  supplies  the 

temporal,  masseter,  in- 
ternal, and  external 

pterygoid  muscles,  the 
tensor  tympani,  the 

mylo-hyoid  and  the 
anterior  belly  of  the 
disfastric. 

When  these  motor - 
fibres  are  implicated 

there  is  paralysis  and 

atrophy  of  the  mas- 
seter, temporal,  and 

pterygoid  muscles  on 
the  affected  side.  The 

weakness  of  the  mas- 

seter and  temporal  is 

readily  detected  by 

placing  the  fingers 
over  the  affected 

muscles    and   making 

Fig.  65. — Guxshot-wouxd  ijipucatixg 
the  second  a>fd  third  divisioxs  of  the 
TRiGEinxAL  XERVE.  Entrance  just  below 

right  eye,  exit  in  front  of  right  tragus. 
The  line  marks  out  the  areas  anaesthetic  to 

pin-prick  and  cotton-wool,  diie  to  injury  to 
the  second  and  third  divisions  of  the  fifth 

nerve;  the  dotted  areas  are  anjesthetic  only 
to  cotton-wool  touches.  There  is  also  anaes- 

thesia of  the  buccal  cavity  above  the  level  of 
the  angle  of  the  mouth,  of  the  right  upper 
teeth,  of  the  whole  concavity  of  the  right 
inferior  turbinal  and  the  anterior  portion  of 
its  convexity. 

the  patient  tightly 
clench  his  teeth.  The  masseter  and  temporal  muscles 

no  longer  harden  and  stand  out  as  they  ought  to  do. 
Weakness  of  the  external  pterygoid  is  dramatically  shown 

by  making  the  patient  depress  the  chin,  when  it  at  once 
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swings  over  to  the  paralysed  sicle,  owing  to  the  unopposed 
action  of  the  opposite  external  pterygoid  muscle.  The 
jaw  can  no  longer  be  voluntarily  moved  laterally  towards 
the  unaffected  side. 

Complete  trigeminal  paralysis  from  trauma  is  rate,  and 
only  occurs  when  the  lesion  is  at  or  above  the  gasserian 

ganglion. 
Partial  lesions  are  relatively  frequent.  Thus  a  single 

division  of  the  nerve  may  be  implicated,  or  two  divisions, 

especially  the  second  and  third,  may  be  involved  simul- 
taneously by  the  one  injury  (Fig.  05). 

Other  cranial  nerves  are  often  injured  along  with  the 

trigeminal,  notably  the  ocular  nerves,  the  facial,  and  the 

hypoglossal. 

Seventh,  or  Facial  Nerve. 

Anatomy.  This  nerve  has  a  motor  and  a  sensory  root,  which 
meet  at  the  geniculate  ganglion. 
The  motor  root  arises  within  the  lower  part  of  the  pons;  it 

forms  a  loop  round  the  nucleus  of  the  sixth  nerve.  It  emerges 
at  the  lower  border  of  the  pons,  immediately  to  the  inner  side 
of  the  auditory  nerve.  Between  these  two  nerves  is  the  nervus 
intermedius  or  sensory  root  of  the  seventh  nerve. 

Both  roots  of  the  seventh  nerve  enter  the  internal  auditory 
meatus  and  pass  along  the  aqueduct  of  Fallopius,  where  they 
meet  in  the  geniculate  ganglion  ;  here  they  are  joined  by  the 

great  superficial  petrosal  nerve  from  Meckel's  ganglion,  and 
by  the  small  superficial  petrosal  from  the  otic  ganglion.  As 
the  facial  nerve  passes  along  the  aqueduct  it  gives  off  a  branch 
to  the  stapedius,  and  lower  down,  the  chorda  tympani  leaves 
it  to  join  the  lingual  nerve.  Here  the  facial  runs  m  the  inner 
wall  of  the  tympanic  cavity,  covered  by  a  very  thin  plate  of 
bone,  and  here,  too,  it  forms  the  floor  of  the  aditus  ad  antrum. 

The  facial  nerve  emerges  from  the  skull  at  the  stylo-mastoid 
foramen  and  gives  off  branches  to  the  occipital  belly  of  the 

occipito-frontalis  and  to  the  muscles  of  the  pinna ;  it  then  turns 
forwards,  running  in  the  substance  of  the  parotid  gland,  and 
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divides  into  branches  which  supply  the  stylo-hyoid  and  posterior 
belly  of  the  digastric,  and  all  the  muscles  of  the  face,  excepting 
only  the  levator  palpebrae  superioris  which  is  supplied  by  the 
third  nerve. 

The  sensory  root  of  the  facial  (nervus  intermedius)  pierces 
the  surface  of  the  pons  close  to  the  auditory  nerve  and  lies 
between  it  and  the  motor  root  of  the  facial  at  the  floor  of  the 

skull,  entering  the  internal  auditory  meatus  along  with  them. 

Its  fibres  arise  from  the  cells  of  the  geniculate  ganglion.  Cen- 
trally from  this  they  run  upwards  into  the  medulla,  alongside 

the  auditory  nerve-fibres,  to  join  a  gustatory  nucleus  closely 
connected  with  that  of  the  glosso-pharyngea].  Distally  from 
the  geniculate  ganglion  they  run  along  the  great  and  small 

superficial  petrosal  nerves  and  also  along  the  chord-i  tj'^mpani, 
conducting  taste  impulses  from  the  anterior  two-thirds  of  the 
tongue. 

Besides  conveying  taste-mipulses  upwards  to  the  brain, 
(impulses  which  have  reached  it  via  the  chorda  tympani  nerve 
and  geniculate  ganglion),  the  nervus  intermedius  innervates 
the  tympanic  membrane,  the  external  auditory  meatus,  and 
the  adjacent  skin  of  the  concave  surface  of  the  pinna.  (This 
cutaneous  innervation,  however,  is  variable,  since  it  may  be 
replaced  by  fibres  from  the  auricular  branch  of  the  vagus.) 

The  nervus  intermedius  also  receives,  via  the  geniculate  gang- 
lion, sensory  fibres  from  the  inner  ear,  and  from  the  middle 

ear  and  its  prolongations  : — the  Eustachian  tube  and  the 
mastoid  cells. 

The  facial  nerve  may  be  injured  during  its  passage 
through  the  temporal  bone  by  suppuration  in  the  middle 
ear,  or  by  operations  on  the  mastoid  antrum ;  and  after 

its  emergence  from  the  stylo-mastoid  foramen,  by  cold,  by 
involvement  in  malignant  growths  of  the  parotid  gland, 
and  by  operations  on  the  parotid  gland. 

In  warfare  this  nerve  is  liable  to  injury  both  during  its 
course,  within  the  temporal  bone,  and  after  its  exit  from 

the  stylo-mastoid  foramen,  either  alone  or  in  conjunction 
with  neighbouring  nerves.  The  Fallopian  aqueduct  in 
the  temporal  bone  may  be  injured  directly  by  a  projectile, 
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or  it  may  be  implicated  in  a  more  widespread  lesion  of  the 
skull,  siieh  as  a  fracture  of  the  middle  or  posterior  fossa. 

The  facial  nerve  may  also  be  damaged  during  its  extra- 
cranial course  through  the  parotid  region,  or  in  its  terminal 

distribution  in  the  facial  muscles. 

Symptoms. 

Facial  palsy  is  easily  recognized. 

In  a  complete  case  the  face  on  the  affected  side  is  im- 
mobile, and  its  wrinkles  become  smoothed  out.  The  lower 

lid  droops,  and,  owing  to  the  punctum  lachrymale  not  being 
kept  in  contact  with  the  conjunctiva,  tears  trickle  over 
the  cheek  instead  of  passing  into  the  lachrymal  duct.  The 
eye  is  more  widely  open  on  the  affected  side,  and  cannot 

be  closed  ;  on  making  the  attempt  the  eyeball  rolls  up- 
wards. The  naso-labial  fold  is  flattened,  the  angle  of  the 

mouth  droops,  and  fluid  dribbles  from  the  affected  side 
during  drinking.  During  mastication,  owing  to  paralysis 
of  the  buccinator,  food  tends  to  collect  between  the  teeth 

and  the  cheek.  The  patient  cannot  purse  up  his  hps,  nor 
whistle.  When  the  patient  laughs  or  attempts  to  show 

his  teeth,  the  mouth  is  drawn  over  to  the  non-paralysed 
side.  In  short,  the  face  on  the  paralysed  side  cannot  be 
moved  either  voluntarily  or  emotionally. 

If  the  lesion  take  place  where  the  nerve  is  accompanied 

by  the  chorda  tympani,  i.e.  in  the  Fallopian  canal  below 
the  geniculate  ganglion  (in  which  part  of  its  course  it  is 
intimately  related  to  the  inner  wall  of  the  tympanic 

cavity),  we  have,  in  addition,  loss  of  taste  in  the  anterior 

two-thirds  of  the  tongue  on  the  paralysed  side. 
Lesions  of  the  facial  nerve  outside  the  skull  produce  no 

impairment  of  taste. 

Extra-cranial  lesions  of  the  facial  nerve  are  often  partial, 
the  lower  fibres  of  the  nerve  being  affected  without  the 

upper,  or  vice  versa. 

Figs.   66  and   66  a  are  those  of  a  soldier  who  sustained  an 
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extensive  shrapnel-wound  of  the  face,  extending  from  the 
upper  part  of  the  pinna  to  the  angle  of  the  mouth. 

There  is  no  cutaneous  anaesthesia  or  analgesia. 
There  is  complete  paralysis  of  the  right  upper  face,  including 

the  frontalis,  orbicularis  oculi,  and  zygomatici  muscles.  The 
depressor  anguli  oris  acts  well.  To  faradism  the  depressor 
anguli  oris  alone  reacts  on  the  affected  side. 

Fig.  66. — The  face  at  rest,  showing 
the  right  eye  more  widely  open  than 
the  left,  the  furrows  snaoothed  out 
of  the  right  side  of  the  face,  and  the 
right  angle  of  the  mouth  drooping. 

Figs.  66  and  66  a. 

Fig.  66  a. — A  forcible  attempt  to 
close  both  eyes.  The  right  eye  re- 

mains open  and  the  ej'eball  is  turned 
up  under  the  upper  lid  ;  the  mouth  is 

drawn  over  to  the  non-paralysed  side. 

A  LACERATED  SHRAPNEL-WOtTND  OF  THE  EIGHT  FACIAL 
NERVE. 

The  prognosis,  as  in  the  case  of  other  nerves,  is  largely- 
based  upon  the  electrical  reactions.  If  the  reaction  be 

normal,  or  slightly  diminished  to  faradism  and  to  gal- 
vanism, but  with  no  polar  changes,  recovery  may  be 

expected  within  a  month  ;  if  partial  reaction  of  degenera- 
tion be  present,  recovery  may  be  looked  for  within  two 

months  ;  if  reaction  of  degeneration  be  present,  no  recovery 
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of  symptoms    can    be   expected   to   appear   before   three 
months. 

For  treatment  see  p.  78.  If  no  recoven'  manifests  itself 
in  six  months,  nerve  anastomosis  should  be  performed 

between  the  distal  end  of  the  facial  ner^'c  and  the  central 

end  of  the  hj'poglossal  nerve. 

The  Eighth,  or  Auditory  Nerve. 

Anatomy.  The  auditory  nene  comprises  two  entirely 
different  sets  of  fibres.  Firstly,  there  are  cochlear  fibres  from 
the  auditory  labyrinth,  subserving  the  function  of  hearing. 
Secondly,  there  are  vestibular  fibres  from  the  semicircular 

canals,  constituting  the  most  impf>rtant  ner\'e  of  equilibration. 
Affections  of  the  auditory  fibres  produce  auditor^'  phenomena, 
whereas  vestibular  lesions  often  produce  giddiness. 

Injury  l^o  the  auditory  nerve  occasionally  takes  place  in 
those  fractures  of  the  skull  which  implicate  the  petrous 

portion  of  the  temporal  bone,  and  as  the  nerve  is  here 
running  with  the  facial  nerve,  the  resulting  deafness  is  in 

a  large  proportion  of  cases  associated  with  facial  paralysis. 

In  testing  such  cases  for  deafness,  we  shfjuld  first  eliminate 

by  \'isual  examination  the  deafness  due  to  the  presence 
of  blood  or  wax  in  the  meatus.  Note  that  in  the  deaf- 

ness due  to  the  affection  of  the  internal  ear  or  of  the 

auditory  nerve  (so-called  '  nerve  deafness  '),  a  tuning-fork 
applied  to  the  skull  is  not  heard  on  the  affected  side. 

The  Ninth,  or  Glosso-pharyngeal  Nerve. 

Although  it  is  not  infrequently  damaged,  in  conjunction 
with  the  vagus  and  accessorius,  by  wounds  in  the  region 
of  the  foramen  lacerum  posticum,  no  case  of  isolated 

injury  of  this  nerve  has  been  recorded. 

Paralysis  of  the  glossopharj-ngeal  nerve  causes  anaes- 
thesia of  the  back  of  the  tongue  and  pharynx,  difficulty 

in  swallowing,  and  deficient  taste  in  the  posterior  third 

of  the  tongue. 
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The  Tenth,  Vagus,  or  Pneumoffastric  Nerve. 

'I'lic  Viij^us  nerve,  in  uddil  ioii  (,c)  su[)|)lyiii<^  .'lulononiie  in- 
hibitory fibres  Lo  llic  licjirl,  ;uul  iuilonomic  nioLor  fibres  to  Lhe 

broiuthiul  inuseles,  respinilory  piissiij^es,  (csophiijfus,  slonuich 
iind  inUslines,  conluins  voliinliiry  inolor  libres  Tor  Lhe  levator 

})aliiti,  and,  through  its  recurrent  hiryn},'ea.l  l)ranch,  supplies  all 
the  muscles  of  the  larynx,  with  the  exception  of  the  crico- 

thyroid. It  is  also  sensory  for  the  larynx,  trachea,  and  bronchi ; 

also  for  tlu;  0'S(»pli;i<fMS  ;uid  stomach. 

The  vaoiis  iierv(^  '"'<■•>'  !»<•  injured  in  wounds,  and  in  (l(;cp 
dissections  of  the  neck.  In  the  thorax  it  may  be  pressed 
upon  by  new  growths  or  by  aneurysms.  Division  of  one 

vaj^Ms  does  not  result  in  deatli,  but  its  manipulation  during 

operation  may  (;ause  tc^mporary  cessation  of  pulse  and 
respiration.  Paralysis  (jf  tlu^  recurrent  laryngeal  nerve  from 

pressure  occurs  in  aneiu'ysnis  of  tlu-  aorta  and  in  thoracic 
new  growths  ;  division  of  tlie  nerve  is  not  uneonunon  and 

sonietinics  follows  operations  for  n-nioval  of  a  thyroid  lo])e, 
where  it  is  cut  or  in(;luded  in  a,  li<.>a,tur(;  as  it  runs  up  behind 

tlu;  thyioid,  in  the:  <4roov(!  between  tlu;  tj'acliea  and  oeso- 

phagus. 'V\\v  way  to  avoid  injury  is  to  keep  the  wound 
dry  by  clamping  vessels  before  they  are  cut,  and  by  re- 

sisting the  temptation  to  plunge  with  the  artery-forceps 
if  a  vessel  should  bleed  when  shelling  out  the  lobe  from 

its  bed  ;  and  best  of  all,  by  keeping  away  from  the  nerve, 

by  cuttijig  through  the  posterior  part  of  the  gland,  and 

leaving  behind  that  portion  whi(!li  covers  in  the  space 
between  trachea  and  oesophagus. 

If  the  lesion  be  of  the  whole  vagus  nerve,  there  is  motor 

paralysis  of  the  soft  palate,  with  motor  and  sensory  paraly- 
sis of  the  larynx. 

To  recognize  unilateral  paralysis  of  the  palate,  the 

patient  is  made  to  say  '  Ah  '  whilst  the  uvula  and  soft 
palate  are  watched  ;  normally  the  base;  of  the  uvula 

and  median  raphe  rise  straight  up ;  but  if  one  side  be 
paralysed  they  deviate  to  the  healthy  side. 
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Paralysis  of  the  recurrent  laryngeal  nerve  is  easily 
diagnosed  on  making  a  laryngoscopical  examination.  The 
vocal  cord  on  the  affected  side  is  found  to  be  fixed  in  the 

cadaveric  position,  i.e.  immobile,  midway  between  ab- 
duction and  adduction. 

The  Eleventh,  or  Spinal  Accessory  Nerve. 

Anatomy.  This  is  exclusively  a  motor  nerve.  It  is  distri- 
buted to  the  sterno-mastoid  and  to  the  uppermost  and  lower- 

most fibres  of  the  trapezius  (the  middle  fibres  arc  supplied  by 
the  third  and  fourth  cervical  nerves). 

The  spinal  accessory  may  be  injured  in  front  of  or 

behind  the  sterno-mastoid  ;    if  in  front,  then  the  -;terno- 

FiG.  67. — Shows  the  normal  appear-  Fig.    67  a. — Shows   absence  of   the 

ance  of  the  right  sterno-mastoid   on  left  sterno-mastoid,  but  perfect  move- 
rotating  head  to  the  left.  ment  of  head  to  the  right. 

Figs.  67  and  67  a. — Paralysis    of  left  spinal  accessoby  nebve, 
FOLLOWING  REMOVAL  OF  TUBERCULOUS  GLANDS  IMMEDIATELY  BELOW  THE 

LEFT   MASTOID   PBOCESS. 

mastoid  is  paralysed,  and  more  or  less  of  the  trapezius, 
according  to  the  amount  of  the  muscle  supplied  by  the 
cervical  nerves ;  if  behind,  then  the  sterno-mastoid 

escapes.     This   nerve   is    most    commonly   injured   when 
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tuberculous  glands  are  being  dissected  out  of  the  posterior 

triangle.  Paralysis  of  the  sterno-mastoid  is  evidenced  by 
no  deformity  other  than  the  loss  of  contour  on  that  side 

of  the  neck.  The  head  can  be  moved  freely  in  all  direc- 
tions, but  on  rotating  the  head  to  the  opposite  side,  or 

on  depressing   the    head    against  resistance,    the    sterno- 

FiG.  68. — Paealysis  of  the  eight  spinal  accessoey  neeve.  Note 
the  altered  contour  of  the  right  side  of  the  neck  from  wasting  of  the  trape- 

zius, and  the  shght '  winging  '  of  the  inferior  angle  of  the  right  scapula. 

mastoid  does  not  stand  out  as  on  the  normal  side.  (Figs.  67 
and  67a.) 

Paralysis  and  atrophy  of  the  trapezius  is  evidenced  by 

an  alteration  in  the  contour  of  the  neck,  and  by  displace- 
ment of  the  scapula  (Fig.  68). 

The  alteration  in  contour  is  due  to  the  levator  anguli 
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scapulae,  which,  by  the  atrophy  of  the  trapezius,  is  now 

permitted  to  display  itself. 
The  scapula  as  a  whole  is  displaced  downwards  and 

outwards.  Its  upper  end  is  also  rotated,  outwards  and 
downwards,  and  its  lower  end  upwards  and  inwards,  so 

that  the  shoulder  is  dropped,  and  the  inferior  angle  of  the 

scapula  lies  nearer  the  mid-line  than  does  the  upper  part 
of  the  vertebral  border. 

Fig.  68  is  that  of  a  soldier  wounded  by  a  rifle-bullet.  The 
entrance  is  1  in.  below  and  |  in.  front  of  the  right  mastoid  pro- 

cess ;  the  exit  is  |  in.  to  the  right  side  of  the  fourth  cervical 

spine. 
There  is  atrophy  and  paralysis  of  the  right  sterno-mastoid 

and  right  trapezius.  The  right  rhomboids  are  subcutaneous. 
The  right  scapula  is  displaced  downwards  and  outwards,  its 
lower  end  being  tilted  inwards  and  upwards. 

There  is  no  reaction  to  faradism  in  the  sterno-mastoid  or 

trapezius. 

The  Twelfth,  or  Hypoglossal  Nerve. 

Anatomy. — The  hypoglossal  nerve  supplies  all  the  intrinsic 
muscles  of  one-half  the  tongue.  Immediately  after  its  exit 
from  the  skull,  through  the  anterior  condylar  foramen,  it  receives 
a  small  communicating  branch  from  the  cervical  sympathetic. 
It  is  also  joined  by  branches  from  the  first  and  second  cervical 
nerves,  from  which  two  nerves  the  depressors  of  the  hyoid  bone 
are  supplied,  through  the  descendens  hypoglossi.     (See  Fig.  71.) 

Paralysis  of  one  hypoglossal  results  in  that  'half  of  the 
tongue  becoming  atrophied  and  wrinkled  in  the  course  of 
time  ;  on  protrusion  of  the  tongue  it  points  to  the  paralysed 
side.  Immediately  after  division  of  the  nerve  the  patient 

feels  as  if  the  paralysed  half  were  a  foreign  body,  interfering 
with  mastication  and  articulation,  but  this  sensation  soon 

passes  off.  Sometimes  vaso-motor  changes  are  apparent, 
and  the  tongue  is  paler  on  the  atrophied  side  ;    this  is 
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due  to  concomitant  injury  of  the  communicating  branch 
from  the  cervical  sympathetic. 

Fig.  69  is  that  of  a  soldier  shot  by  a  rifle-bullet.  The  en- 
trance is  in  front  of  the  right  ear — the  bullet  penetrated  the 

ascending  ramus  of  the  mandible  ;  the  exit  is  at  the  anterior 
border  of  the  left  sterno- 
mastoid  on  a  level  with 

the  thyroid  cartilage. 
There  is  paralysis  of 

the  left  hypoglossal  nerve, 
and  the  tongue  deviates 
to  the  left  on  protrusion. 
There  is  also  paralysis 
of  the  right  lingual  and 
inferior  dental  nerves, 
producing  anaesthesia  of 
the  anterior  two-thirds  of 
the  right  half  of  the 

tongue,  of  the  right  in- 
ferior buccal  cavity,  and 

of  the  right  lower  teeth. 

Cervical  Sympathetic 

Anatomy. — The  cervical 
sympathetic  extends  from 
the  root  of  the  neck,  be- 

hind the  subclavian  ar- 
tery, upwards  to  the  base 

of  the  skull ;  it  lies  be- 
hind the  common  and 

internal  carotid  arteries. 

Fig.  69.  —  Paralysis  of  the  left 
hypoglossal  nerve  following  abxjllet- 
WOTJND.  The  drainage  tube  is  in  the 
wound  of  entrance  in  front  of  the  right 

ear,  and  the  arrow  points  to  the  scar  of 

exit  at  the  anterior  edge  of  the  left  stemo- 
mastoid. 

Branches  from  the  sym 
pathetic  supply — 

1.  Motor  fibres  to  the  pupil  dilator. 
2.  Vaso-motor  fibres  to  the  vessels  of  the  head,  neck,  and 

arm. 

3.  The  sweat-glands  of  the  head  and -neck,  arm,  and  upper 
part  of  the  trunk,  extending  downwards  to  the  third  rib  in 
front,  and  to  the  spine  of  the  scapula  behind. 
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4.  The  non-striated   part  of  the  levator  palpebral,  and  the 
orbital  muscle  of  ̂ Miiiler. 

5.  Secretory  fibres  to  the  submaxillary  gland. 

It  may  be  injured  by  stab-wounds,  rifle  and  shrapnel 
bullet-wounds,  injuries 
of  the  brachial  plexus, 
tumours  at  the  root  of 

the  neck,  and  also  in 

deep  dissections  in  the 

neck  necessitating  in- 
terference with  the 

internal  jugular  vein 
and  carotid  arteries. 

Paralysis  of  the 
cervical  sjmipathetic 
is  evidenced  by  the 

following  signs  :  1  he 

pupil  is  smaller  than 
on  the  other  side ;  it 
does  not  dilate  when 

shaded,  yet  does  con- 
tract to  the  stimulus 

of  light  and  on  con- 
vergence. The  pal- 

pebral  fissure  is 
narrower,  owing  to 

drooping  of  the  upper 

eyelid ;  the  patient  can, 
however,  voluntarily 
raise  the  lid  to  its  full 

extent  (the  striated 
fibres  of  the  levator 

palpebrae  being  supplied  by  the  third  nerve),  so  that 

the  condition  is  not  a  true  ptosis,  but  a  '  pseudo-ptosis.' 
In  addition,  the  affected  eye  is  sunken  in  the  orbit, 

owing  to  paralysis  of  the  non-striated  muscle  of  Miiller ; 
to  this  the  name  of  enophthalmos  is  given. 

Fig.  70. — Paralysis  of  the  kiuht  cer- 
vical SYMPATHETIC.  The  aiTow-heacl 

indicates  the  entrance  wound ;  the  exit 
is  posterior,  to  the  left  of  the  second  dorsal 

spine.  Notice  the  pseudo-ptosis,  and  the 
enophthalmos.  The  right  pupil  measures 

2 '5  mm.,  the  left  4  mm. 
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Fig.  70  relates  to  a  soldier  who  was  shot  in  the  right  side  of 

the  neek.  The  entry-wound  was  at  the  middle  of  the  anterior 

edge  of  the  sterno-mastoid  ;  the  exit  was  on  the  posterior  aspect 
of  the  thorax,  to  the  left  of  the  second  dorsal  spine.  In 

addition  to  paralysis  of  the  brachial  plexus  (see  p,  140),  the 

patient  sustained  a  lesion  of  the  right  cervical  sympathetic. 

There  was  marked  inequality  of  the  pupils — in  a  dull  light 
the  right  pupil  measured  2  5  mm.,  the  left  1  mm.  ;  the  right 

pupil  dilated  very  slightly  to  darkness  ;  pseudo-ptosis  and 
enophthalmos  were  well  marked.  There  was  no  difference  in 

sweating  on  the  two  sides  of  the  neck,  trunk,  and  limbs  in  this 

case,  so  that  all  the  fibres  of  the  sympathetic  had  not  been 
affected. 

Irritation  of  the  cervical  sympathetic  gives  exactly  the 

opposite  signs  :  dilatation  of  the  pupil,  exophthalmos, 

and  widening  of  the  palpebral  fissure. 

This  condition  sometimes  results  from  the  pressure  of 

an  aneurysm  or  other  tumour  in  the  neck  ;  later,  as  the 

pressure  increases,  the  signs  of  stimulation  may  be  replaced 

by  those  of  paralysis. 

Cervical  Plexus 

Anatoyny. — The  superficial  cutaneous  branches  of  the  cervical 
plexus  arise  from  the  anterior  primary  divisions  of  the  second, 
third,  and  fourth  cervical  nerves.  From  the  second  and  third 

arise  the  small  occipital,  great  auricular  and  superficial  cervical 
nerves,  and  from  the  third  and  fourth  arise  the  descending 

nerves,  sternal,  clavicular,  and  acromial.  All  these  are  cutaneous 

sensory  nerves.  Their  situation  may  be  indicated  clinically  by 

lines  drawn  from  the  mid-point  of  the  posterior  margin  of  the 

sterno-mastoid  :  the  small  occipital  upwards  along  the  posterior 
edge  of  the  sterno-mastoid,  the  superficial  cervical  horizontally 
forwards,  and  the  great  auricular  midway  between  these  two. 

The  direction  of  the  others  is  sufficiently  indicated  by  their 
names. 

The  deep  branches  of  the  cervical  plexus,  motor  in  function, 

are  distributed  to  the  sterno-mastoid  (C2),  the  scaleni  (C3  and 
C4),  the  trapezius  (C3  and  C4),  and  the  deep  muscles  of  the 
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Fio.   71. — DiAGRAjr  OF  CEBViCAL  PLEXUS  (Cunningham's  Anatomy). 

neck.  It  will  be  remembered  that  the  sterno  mastoid  and 

trapezius  are  also  partly  innervated  by  the  spinal  accessory 
nerve. 



Lesions  of  individual  nerves      i^t 

The  phrenic  nem'e  (C3,  C4,  and  C5),  which  supplies  the 
diaphragm,  arises  partly  from  the  cervical  and  partly  from  the 
brachial  plexus. 

The  cutaneous  nerVes  of  the  cervical  plexus  ate  most 
Commonly  injured  as  the  Tesult  of  operations  in  the 

postel'ior  triangle  of  the  neck,  and  particularly  in  exten- 
sive operations  for  the  removal  of  tuberculous  or  malig- 
nant glands. 

Much  less  commonly  the  branches  of  the  cervical  plexus 

are  injured  by  bullet-wounds,  as  in  the  following  example 
of  lesion  of  the  great  auricular  nerve. 

.   j 

Fig.  72. — Bullet-wound  of  great  auricular  nerve. 

A  young  airman,  when  flying  at  a  height  of  6,000  feet,  was 

hit  by  a  machine-gun  bullet  from  an  enemy  aeroplane  behind 
him.  The  entry-wound  was  immediately  to  the  left  of  the 
sixth  cervical  spine  ;  the  exit  was  through  the  middle  of  the 

left  sterno-mastoid  muscle,  just  below  the  level  of  the  pomum 
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Adami.  The  patient  was  concussed,  and  whilst  he  was  still 

unconscious,  his  machine  fell  downwards,  nose-diving.  He  re- 
covered consciousness  at  2,000  feet,  and  succeeded  in  landing 

his  machine  safely  within  our  own  lines. 
The  left  upper  limb  felt  helpless  for  a  couple  of  hours,  and 

then  completely  recovered  motor  power.  Ever  since  his 
wound,  however,  he  had  noticed  deficiency  of  sensation  in  the 
region  of  the  left  ear. 
When  examined,  two  and  a  half  weeks  after  the  injury,  the 

wounds  of  entry  and  exit  were  practically  healed  (see  Fig.  72). 
There  was  no  motor  weakness  of  any  muscle  of  the  neck  or 

upper  limb.  To  cotton-wool  touches  there  was  anaesthesia  of 
the  left  pinna,  front  and  back,  and  of  a  wide  surrounding  area 

on  the  side  of  the  head  and  neck.  To  pin-pricks  there  was 
analgesia  of  a  similar  area,  about  half  an  inch  within  the  area 

of  cotton-wool  loss.  There  was,  however,  a  curious  little  island 
on  the  anterior  surface  of  the  pinna,  just  behind  the  external 

auditory  meatus,  where  pin-pricks  were  still  felt  acutely. 
(This  area  is  innervated  by  the  sensory  root  of  the  facial — 
nervus  intermedius — and  partly  by  the  auricular  branch  of  the 
vagus.) 

There  was  still  some  tenderness  on  deep  pressure  over  the 
roots  of  the  cervical  plexus.  Active  movements  of  the  left 

scapula  and  shoulder- joint  also  caused  pain,  shooting  down 
the  limb  to  the  digits,  especially  the  middle  and  ring  fingers. 

Of  the  muscular  branches  the  most  important  one  is  the 

phrenic  nerve.  This  may  be  injured  as  it  runs  downwards 
on  the  scalenus  anticus  to  enter  the  thorax  between  the 

subclavian  artery  and  vein.  It  is  particularly  liable  to 
be  injured  when  ligaturing  the  subclavian  artery. 

Division  of  one  phrenic  nerve  results  in  paralysis  of  the 
corresponding  half  of  the  diaphragm.  The  inclusion  of 

the  nerve  in  a  ligature  has  been  known  to  occasion  per- 
sistent coughing,  from  irritation  of  its  sensory  fibres; 

death  with  pulmonary  symptoms  has  sometimes  followed 
section  of  the  nerve,  but  in  the  majority  of  cases  the 

prognosis  is  good.  If  accidentally  divided,  its  cut  ends 
should  be  at  once  united. 



CHArTER    IX 

THE  BRACHIAL  PLEXUS 

Anatomy. — The  brachial  plexus  is  formed  by  the  anterior 
primary  divisions  of  the  5th,  6th,  7th,  and  8th  cervical 
nerves,  and  the  greater  part  of  the  1st  dorsal  nerve. 

These  nerves  appear  in  the  posterior  triangle  between  the 
scalenus  anticus  and  scalenus  medius  muscles,  and  their  upper 
boundary  in  the  neck  is  a  line  drawn  from  the  centre  of  the 
sterno-mastoid  muscle,  at  the  level  of  the  cricoid  cartilage,  to 
just  outside  the  middle  of  the  clavicle. 

Immediately  after  entering  the  posterior  triangle  the  5th 
and  6th  cervical  nerves  unite,  the  7th  remains  alone,  and  the 
8th  unites  with  the  1st  dorsal,  forming  three  primary  cords  ;  at 
the  same  time  the  four  cervical  nerves  are  dividing  into  anterior 
and  posterior  divisions.  The  secondary  cords,  usually  spoken 
of  as  the  cords  of  the  brachial  plexus,  are  named  according  to 
the  position  they  occupy  with  regard  to  the  axillary  artery, 

and  are  formed  thus  (see  Fig.  73) : — ^The  anterior  divisions  of 
the  5th,  6th,  and  7th  unite  to  form  the  outer  cord.  The  anterior 
divisions  of  the  8th  and  the  whole  of  the  1st  dorsal  unite  to 

form  the  inner  cord.  The  posterior  divisions  of  the  5th,  6th, 
7th,  and  8th  unite  to  form  the  posterior  cord.  These  secondary 
cords  then  break  up  into  the  various  nerves  of  distribution. 

The  muscles  supplied  by,  and  the  cutaneous  distribution 
of  these  various  nerves  should  be  compared  with  the 

muscle-supply  and  cutaneous  distribution  of  the  anterior 
primary  divisions  from  which  they  originate.  The  supply, 
both  sensory  and  motor,  of  an  anterior  root  is  the  same 

as  that  of  the  corresponding  segment  of  the  spinal  cord 
9  129 
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from  which  it  arises,  and  its  distribution  is  according  to 

root-areas.     (See  Figs.  73  and  74.) 
It  is  a  comparison  of  these  two  systems  of  distribution 

which  enables  one  to  diagnose  the  situation  of  the  lesion. 

Fig.  75  is  that  of  a  child  who,  subsequent  to  a  fall  which 
fractured  her  humerus,  developed  weakness  and  wasting  of 
the  right   upper  arm.      There  is  an  area  of  anaesthesia  down 

ROOT  AREA  DISTRIBUTION. 
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Fig.  73. — The  motor-supply  of  the  brachial  plexus,  showing  both 
its  root-area  distribution  and  its  peripheral-nerve  distribution. 

the  outer  side  of  the  upper  arm,  forearm,  and  radial  side  of 

hand.  There  is  wasting  of  the  deltoid,  supra-spinatus,  infra- 
spinatus, biceps,  and  supinator  longus.  Abduction  of  the  arm 

is  limited,  but  the  deltoid  contracts  feebly ;  flexion  of  the  elbow 
is  impossible,  extension  is  good ;  supination  of  the  forearm  is 
impossible.  The  movements  of  the  wrist  and  fingers  are 
practically  normal. 

The  anaesthetic  area  corresponds  to  the  peripheral  distri- 
bution of  the  5th  and  part  of  the  6th  cervical  root,  and  the 

muscles  affected  are  all  supplied  by  the  5th  root. 



Fig  74  —The  ctjtaneous  seksoby  supply  of  the  uppek  limb,  a  and 

c  show  the  areas  supplied  by  the  posterior  roots;  b  and  d  the  areas  supphe
d 

by  the  peripheral  nerves. 

131 
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Fig.  75.- — Rupture  of  the  5th  and  paet  or  the  Cth  cekvical  root. 

The  area  of  anaesthesia  is  mapped  out.  The  deltoid,  supra-spinatus,  infra- 
spinatus, biceps,  and  supinator  longus  are  wasted ;  flexion  of  the  elbow 

and  supination  of  the  forearm  are  impossible. 

Injuries  to  the  brachial  plexus  are  due  to  violence,  direct 
or  indirect. 

Indirect  injuries  are  always  produced  by  over-stretching, 
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and  are  occasioned  by  violence  applied  more  or  less  re- 
motely from  the  plexus.     They  fall  into  two  classes. 

1.  Violence  applied  so  as  to  open  out  the  angle  between 
the  head  and  neck  and  the  shoulder  of  the  same  side 

(Fig.  76)  produces  a  stretching  of  the  brachial  plexus  in 
which  the  strain  falls  first  on  the  5th  cervical  nerve,  then 

on  the  6th,  and  so  on,  giving  rise  to  upper-arm  paralysis 

(Erb-Duchenne    type).     This    lesion    is    most    commonly 

Fig.  76. ^Direction  of  trac- 
tion-strain PRODUCING  LEFT 

UPPER- ARM         PARALYSIS         (Erb- 
Duchenne  type). 

Fig.  70  a. — Direction  of  trac- 
tion-strain PRODUCING  LEFT 

LOWER-ARM     PARALYSIS     (Klvimpke 

type). 

produced  by  traction  on  the  head  in  child-birth,  or  traction 
on  the  shoulder  in  breech  presentations. 

2.  Violence  applied  so  as  to  open  out  the  angle  between 
the  arm  and  thorax  (Fig.  76  a)  produces  a  strain  on  the 

plexus  which  falls  first  on  the  8th  cervical  and  1st 

dorsal,  then  on  the  7th  cervical,  and  so  on,  giving  rise 
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to  lower-arm  paralysis  (Klumpke  type).  This  occurs  when 
a  man  falling  from  a  height  clutches  at  some  means  of 

safety,  and  the  body  weight  is  brought  up  with  a  jerk, 
widening  the  angle  between  the  arm  and  thorax  wall  into 

a  straight  line,  or,  when  in  breech  presentations  the  arm 

slips  up  by  the  side  of  the  after-coming  head,  and  traction 
is  made  on  the  trunk. 

The  paralysis  resulting  from  traction  on  the  brachial 

plexus  during  child-birth  is  known  as  brachial  birth-palsy  ; 

Fig.  77. — Pahalysis  of  the  5th  cervical  root  following  difficult 
LABOUR  IN  A  BREECH  PRESENTATION.  The  arm  is  habitually  adducted  at 

the  shoulder- joint,  extended  at  the  elbow,  and  hyper-pronated.  The  left 
deltoid,  biceps,  supinators,  spinati,  and  teres  minor  are  paralysed  ;  the 
deltoid  and  supinators  do  not  react  to  faradism;  the  biceps  reacts  feebly; 
the  other  muscles  contract  and  react  normally. 

this  differs  in  no  respect  from  other  forms  of  traction 
injury. 

Fig.  77  is  that  of  a  child  seven  days  old.  The  birth  was  a 
breech  presentation  ;  it  was  very  prolonged,  and  great  diffi- 

culty was  experienced  in  extracting  the  child. 
On  examination  no  abnormality  was  discovered  save  in  the 

left  upper  limb.  The  arm  was  habitually  adducted  at  the 

shoulder,  extended  at  the  elbow,  and  hyper-pronated. 
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There  was  total  paralysis  of  the  left  deltoid,  biceps,  and 

supinators,  also  of  the  spinati  and  teres  minor;  all  other 
muscles  contracted  normally. 

To  faradism  the  biceps  reacted  feebly,  the  deltoid  and 

supinators  not  at  all.  All  the  muscles  reacted  to  galvanism, 

KCC  =  ACC.     We  have  here  a  lesion  of  the  5th  cervical  root. 

Fig.  78  is  that  of  a  man  who  was  '  blown  up  '  by  an  explosion 
at  a  munition  factory,  and  deposited  forty  yards  away  from 

FIG.  78.  ^«-  ̂ 8  ̂• 

Total  brachial  plexus  palsy,  right-si
ded. 

his  original  position.  According  to  the  patien
t's  story  he  was 

unconscious  for  three  days.  He  had  not  been  abl
e  to  move  his 

right  arm  since  the  accident.  He  stated  that  no 
 bruismg  was 

discovered  in  the  region  of  his  shoulder.  Whe
n  seen,  eleven 

months  after  the  accident,  there  was  marked  was
tmg  of  the 

whole  right  upper  extremity,  and  complete  loss
  of  power  m 

that  limb.  No  muscle  below  the  acromion 
 responded  to 

faradism  nor  to  the  condenser  (3  micro-farads)
. 

The  loss  of  sensation  is  shown  in  Fig.  79.    Pressure
-sense  was 
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lost  up  to  the  level  of  the  elbow-joint.  The  right  pulse  at  the 
wrist  was  much  smaller  than  that  on  the  left  side.  The  right 

pupil  was  smaller  than  the  left,  and  there  was  also  slight  right 
enophthalmos.  When  the  right  brachial  plexus  was  exposed 
at  an  operation  a  year  after  the  accident,  it  was  found  that 
the  scalenus  anticus  was  converted  into  a  dense  mass  of  fibrous 
tissue.  The  5th  and  6th  cervical  nerves  were  blended  into 
one  fibrous  mass,  and  this  passed  into  the  altered  scalenus 
muscle.  Where  these  altered  nerves  entered  the  scalene 
muscle  an  incision  was  made  throvigh  its  whole  substance; 
but  no  nerve  or  muscle  structure  was  discoverable.     The  other 

Fig.  79. — Anesthesia  in  a  case  of  total  BEACHiAr  plexus  lesion. 

roots  of  the  brachial  plexus  Avere  similarly  affected  as  they 
passed  through  what  was  once  the  scalenus  anticus  muscle. 
The  condition  Avas  hopeless. 

Direct  injuries. 

In  peace-time  the  commonest  cause  of  brachial  plexus 
palsy  in  the  adult  is  dislocation  of  the  shoulder-joint, 
either  from  pressure  of  the  displaced  head  of  the  humerus 

(Fig.  88,  p.  148),  or  from  pressure  of  the  heel  in  the  axilla 
when  attempting  its  reduction.  It  is  sometimes  produced 

by  violence  applied  directly  to  the  posterior  triangle,  or 
by  the  pressure  of  a  cervical  rib. 
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In  the  present  war,  direct  injuries  of  the  brachial  plexus 
have  been  the  commonest  of  all  nerve  lesions,  being 

produced  by  wounds  of  the  neck,  clavicle,  thorax,  and 

region  of  the  shoulder-joint.  Besides  actual  wounds  of 

the  plexus  by  projectiles  or  by  bayonet-thrusts,  it  may 

be  compressed  by  bony  splinters  from  the  clavicle,  scapula, 

or  humerus,  or  by  a  subclavian  or  axillary  aneurysm. 

Fig.  80  is  that  of  a  soldier  wounded  in  August  1916.  The 
bullet  entrance  was  in  the  right  side  of  the  neck,  two  inches 

» 

Fig.  80.  Fi^.  80  a. 

Complete  lesiox  of  5th  CER^^CAL  root  ox  eight  side. 

above  the  clavicle,  through  the  sterno-mastoid  muscle.  When 
seen  in  March  1917  there  was  marked  wasting  of  the  spinati, 

deltoid,  biceps,  brachialis  anticus,  and  supinator  longus  muscles. 
There  was  an  area  of  altered  sensation  over  the  upper  arm,  as 

shown  in  Fig.  81.  Over  this  area  a  pin-prick  was  felt  as  pressure, 

and  not  as  a  prick.     Cotton-wool  could  be  felt,  but  it  'felt 
different.' 

The  biceps,  coraco-brachialis,  brachialis  anticus,  deltoid, 

spinati,  and  supinator  longus  gave  no  response  to  the  condenser 

(3  micro-farads).  The  pectoralis  major,  triceps,  extensors  of 

%vrist  and  fingers,  flexors  of  wrist  and  fingers,  the  thumb  muscles 
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and  interossci  all  responded  to  the  lowest  power  of  the  condenser 

("025  microfarad). 
At  the  operation  it  was  found  that  the  5th  cervical  nerve 

had  been  divided  near  its  exit  from  the  scalenus  anticus 

muscle.  It  was  here  replaced  by  a  mass  of  scar  tissue.  On 
careful  exploration  through  the  substance  of  the  muscle,  the 
proximal  end  of  the  nerve  was  not  discoverable. 

The  spinal  accessory  nerve  was  therefore  implanted  in  the 
5th  nerve  as  shown  in  Fig.  52,  p.  95. 

Six  months  after  the  operation  the  patient  could  voluntarily 
contract  his  biceps  muscle,  and  at  the 
seventh  month,  the  deltoid. 

The  following  is  an  example  of  a 
combined  lesion  of  the  5th  cervieai  root 

and  of  the  recurrent  laryngeal  nerve  : 

A  Bulgarian  soldier  sustained  a  bayonet- 
wound  which  transfixed  the  root  of  his  neck 

from  behind  forwards,  the  entry  being  im- 
mediately above  the  middle  of  the  spine  of 

the  left  scapula,  3  inches  internal  to  the 

acromion  process.  There  was  no  exit-wound. 
His  left  arm  at  once  fell  helplessly  to  his 
side.  Surgical  emphysema  of  the  upper  part 
of  the  left  side  of  the  chest  shortly  developed, 
together  with  some  haemoptysis,  and  his  voice 

at  once  became  hoarse. 

AVhen  examined  four  weeks  later,  the  pupils  and  cranial 
nerves  were  normal,  save  for  the  left  vocal  cord,  which  was 
paralysed  and  fixed  in  the  cadaveric  position. 

To  cotton-wool  touches,  there  was  blunting  along  the  outer 
side  of  the  left  upper  limb,  including  the  thumb,  extending  as 

high  as  the  side  of  the  neck.  (See  Fig.  82.)  To  pin-pricks, 
the  upper  part  of  this  area  was  hyperalgesic,  whilst  from  the 
middle  of  the  deltoid  downwards,  there  was  analgesia  in  the 
same  area  as  the  epicritic  loss. 

The  left  trapezius  was  slightly  feebler  than  the  right, 
especially  in  its  lowest  fibres.      The  left  spinati  muscles  werA 

Fig.  81. 

An-ssthesia   in 
LESION    OF     5th 

CERVICAL    ROOT. 
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wasted  and  inactive  to  faradism,  and  outward  rotation  of  the 

shoulder  was  impossible.  All  other  muscles  of  the  left  shoulder- 
girdle  were  normal,  except  the  deltoid  and  supinator  longus, 
both  of  Avhich  were  totally  paralysed,  with  loss  of  faradic 
excitability.  The  biceps  was  feeble,  but  still  reacted  to 
faradism.  Abduction  of  the  shoulder  and  flexion  of  the  elbow 

were  impossible,  so  also  was  supination  of  the  forearm.  All 
movements  of  the  wrist  and   fingers  were  normal.     The  left 

Fig.  82. — Combined  lesion  of  5th  cervical  eoot  and  of  eecurrent 
laryngeal  nerve,  from  bayonet- wound. 

biceps-jerk  and  spuniator-jerk  were  absent,  whilst  the  pro- 
nator-jerks  and  triceps-jerks  were  brisk  and  equal  on  the  two 
sides. 

Complicated  injuries  of  the  shoulder-girdle  are  often 
associated  with  extensive  laceration  of  muscles,  tendons, 

and  ligaments  ;  in  such  cases  it  requires  considerable  care 

to  recognize  what  part,  if  any,  of  the  disability  is  due  to 
a  lesion  of  the  brachial  plexus.  Complete  brachial  palsy 
is  rare  ;  several  cords  may  be  simultaneously  affected, 
but  the  commonest  lesion  is  a  partial  one  of  a  single 
cord. 

Whilst  this  is  true  of  the  initial  lesion,  it  must  be  re- 
membered that  the  initial  lesion  is  not  the  whole  story  ; 

in  the  neighbourhood  of  the  projectile  track  blood  has 
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been  effused,  adjoining  portions  of  nerve  structure  have 

been  infiltrated  with  blood,  and  neighbouring  structures 

have  been  torn.     By  the  time  these  cases  come  up  for 
operation,  the  blood  has 
become    organized,     and 

Fig.  83. — Complkte  Di\nsiox 
OF  THE  RIGHT  5tH  CERVICAL 

ROOT  WITH  INA'OLVEMETsT  IN 

SCAR-TISSUE  OF  THE  OTHER  ROOTS 

OF  THE  BRACHIAL  PLEXUS,  AND 

OF  THE  CERVICAL  SYMPATHETIC. 

The  arrow  points  to  the  entrance 
wound  at  the  middle  of  the 

anterior  edge  of  the  stemo- 
mastoid;  the  exit-wound  is  be- 

hind, at  the  vertebral  border 
of  the  left  scapula  on  a  level 
with  the  2nd  dorsal  spine.  The 
whole  arm  and  hand  is  anaes- 

thetic to  pin-prick  and  cotton- 
wool; the  dotted  line  shows  the 

upper  limit.  The  pectoralis 
major,  spinati,  deltoid,  triceps, 

biceps,  extensors  of  wrist  and 
fingers,  flexors  of  wrist  and 
fingers  and  the  abductor  and 

opponens  poUicis  are  paralysed 
(slight  flexion  of  little  finger  is 
possible),  and  do  not  react  to 
faradism ;  the  flexor  carpi  ul- 
naris,  interossei,  and  adductor 

obliquus  pollicis  react  to  far- 
adism. There  is  also  right 

pseudoptosis  with  enophthal- 
mos,  and  contraction  of  the 
right  pupil  (see  Fig.  70). 

the    site    of    the    lesion, 

the    neighbouring    nerve 
trunlcs,    and   the   surrounding  structures  arc    wrapped  in 
a  mass  of  fibrous  tissue. 

Tlius  Fig.  83  relates  to  a  soldier  shot  in  January  1915.     The 
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entrance-wound  is  on  the  right  side  of  the  neck  at  the  middle 

of  the  anterior  edge  of  the  sterno-mastoid  ;  exit  to  left  of  the 
vertebral  column  on  a  level  with  the  2nd  dorsal  spine.  The  photo 

shows  the  area  which  is  insensitive  to  pin-pricks  and  cotton-wool. 
The  only  muscles  which  reacted  to  faradism  were  the  flexor 

carpi  ulnaris,  the  intcrossei,  and  the  adductor  obliquus  pollicis  ; 
no  other  muscle  reacted  to  faradism,  not  even  the  small  muscles 

of  the  thumb  supplied  by  the  median,  so  that  the  8th  cervical 

Fig.  84. Fig.  84  a. 

Fig.    84  and  84  a. — Extensive  paralysis  of  the  kight  brachial 
PLEXUS.     FROM  A   RIFLE-BULLET   WOUND. 

The  entrance  is  in  front,  the  exit  behind  (Fig.  84  A) ;  the  arrows  point 

to  the  scars.  The  Une  maps  out  the  area  anaesthetic  to  pin-pricks.  The 
following  muscles  were  paralysed  and  did  not  react  to  faradism :  biceps, 
triceps,  supinator  longus,  extensors  of  wrist,  extensors  of  fingers,  and  the 
interossei. 

and  1st  dorsal  did  not  entirely  escape.     The  5th,  6th,  and  7th 

cervical  were  entirely  paralysed. 

At  the  operation  in  June  1915  it  was  found  that  the  5th 

cervical  nerve  had  been  cut  through,  about  f  inch  above  its 

junction  with  the  6th.  The  5th,  6th,  and  7th,  were  matted 
into  one  thick  mass,  and  blended  with  the  scalenus  anticus 

muscle,  which    in  this  region  was  nearly  all  fibrous  tissue.     In 
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this   case    too    the   cervical    sympathetic  was    paralysed   (see 
Fig.  70  ). 

The  following  case  shows  how  extensive  and  complicated 

these  lesions  of  the  plexus  can  be  : 

Figs.  84  and  84  a  are  those  of  a  soldier  wounded  at  Ypres  by 
a  rifle-bullet  in  December  1914.  The  entrance-wound  is 

immediately  above  and  just  internal  to  the  mid-point  of  the 
right  clavicle  ;  the  exit  is  situated  at  the  axillary  border  of 
the  right  scapula,  about  midway  between  the  angle  of  the 

scapula  and  the  acromio-clavicular  articulation. 
June  1,  1915.  The  photographs  show  the  area  of  anaesthesia 

to  pin-pricks,  also  the  wasted  condition  of  the  whole  right 
arm,  including  the  thenar  and  hypothenar  eminences. 

The  following  muscles  react  to  faradism  and  voluntarily 

contract :  rhomboids,  supra-  and  infra-spinatus,  deltoid,  flexors 
of  wrist,  flexors  of  fingers,  small  muscles  of  thumb.  The 
following  are  paralysed :  biceps,  triceps,  supinator  longus, 
extensors  of  wrist,  extensors  of  fingers,  and  interossei. 

The  diagnosis  here  is  that  of  an  incomplete  paralysis  of 
the  whole  brachial  plexus.  The  sensory  loss  is  that  of  the 
5th,  6th,  and  8th  cervical  roots  ;  the  distribution  of  the 

7th  root  to  the  anterior  surface  of  the  limb  is  preserved, 

that  to  the  posterior  surface  is  lost. 
The  motor  distribution  of  the  5th  cervical  root  is 

mostly  preserved,  and  that  of  the  8th  cervical  and  1st 

dorsal;  there  is  almost  complete  loss  of  the  motor  dis- 
tribution of  the  7th,  and  partial  loss  of  that  of  the  6th 

cervical  root. 

June  4,  1915.  At  the  operation  it  was  seen  that  the  7th 
root  had  a  lesion  on  its  inner  side  ;  it  had  been  partially 
divided  ;  there  was  some  retraction  and  thickening  of  the 

proximal  end  of  the  nerve-lesion.  Behind  this  and  adherent 
to  it,  the  5th  and  6th  swelled  out  into  a  bulbous  enlargement, 
which  fused  with  a  similar  enlargement  of  the  8th  cervical  and 
1st  dorsal  nerves. 
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This  mass  was  hard  to  the  touch,  cut  like  fibrous  tissue,  and 
in  places  looked  like  fibrous  tissue. 

It  was  evident  that  the  bullet  had  hit  the  inner  edge  of 
the  7th  cervical  nerve,  incising  one  half  of  it,  and  had  then 
lacerated  the  contiguous  edges  of  the  5th  and  6th  cervical,  and 
of  the  8th  cervical  and  1st  dorsal  nerves  :  the  blood  which 

was  effused  into  and  about  them  had  apparently  organized 
and  caused  them  to  become  densely  adherent  to  each  other, 
and  had  given  rise  to  a  marked  fibrosis  of  the  nerves  for  about 
one  inch  of  their  length  ;  there  were  also  adhesions  connecting 
this  mass  to  the  posterior  surface  of  the  clavicle.  See  Fig.  62, 
p.  103. 

Inner  cord  of  the  brachial  plexus. 

Lesions  of  the  inner  cord  are  evidenced  by  a  loss  of 
sensation  along  the  inner  side  of  the  arm,  forearm,  and 

hand,  and  by  paralysis  of  all  the  intrinsic  muscles  of  the 

hand,  together  with  paralysis  of  some  or  all  of  the  flexors 

of  the  wrist  and  fingers- — usually  it  is  only  the  flexors 
supplied  by  the  ulnar  nerve  which  are  affected  (flexor  carpi 
ulnaris  and  inner  half  of  flexor  profundus  digitonim. ) 

Fig.  85  is  that  of  a  soldier  shot  in  April  1915,  at  St.  Julien, 

whilst  building  a  trench  parapet.  The  entrance-wound  was 
behind,  about  one  inch  to  the  left  of  the  4th  dorsal  spine. 

The  exit- wound  was  in  front  of  the  right  shoulder,  just  internal 
to  the  neck  of  the  humerus.  Instantly  he  lost  the  use  of  his 
right  arm  and  started  spitting  blood. 

For  the  next  month  he  was  unable  to  use  his  arm,  but  later, 
with  massage  and  electricity,  he  became  able  to  do  anything 
with  his  shotdder,  arm,  and  wrist,  but  could  not  close  his 

fingers  ;  with  the  right  arm  hanging  down,  the  hand  became 
dark  blue  in  colour. 

When  seen  on  August  5,  1915,  there  was  an  area  of 
anaesthesia  on  the  inner  side  of  arm  and  forearm.  The 

following  muscles  contracted  voluntarily :  deltoid,  triceps, 
biceps,  supinators,  pronators,  and  extensors  of  wrist,  fingers, 
and  thumb.      The   following   muscles    did    not   contract   and 
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(lid    not   react   to    faradism  :     flexors   of    wrist,    thumb     and 

fingers,  interossci,  and 
short  tlmmb  iniiselcs 

(abductor,  adductor, 

and  opponens).  The 

palm  was  wasted, 
and  there  was  some 

contracture  of  the 

flexor  tendons.  On 

attempting  to  close  the 

hand  the  unopposed  ex- 
tensors of  the  wrist 

forcibly  dorsiflexed  the 
wrist  (Fig.  86). 

The  sensory  loss  is 
that  of  the  1st  dorsal 

root ;  the  motor  loss  is 
that  of  the  8th  cervical 

and  1st  dorsal  roots, 

i.e.  the  inner  cord  of 

the  brachial  plexus. 

At  the  operation  on 
x\ugust  20,  1915,  a 
sheet  of  dense  fibrous 

tissue  M'as  found  pass- 
mg  from  the  coracoid 
region  to  the  under 
surface  of  the  peetoralis 

minor;  this  was  adher- 
ent to  the  sheath  of 

the  inner  cord  of  the 

brachial  plexus.  The 

deep     surface     of     the 

Fig.  So.  —  Injuby  or  the  inner  cord  of  the  brachial  plexus. 

There  is  ana-sthesia  of  the  inner  surface  of  arm  and  forearm  corre- 
sponding to  the  cutaneous  supply  of  the  1st  dorsal  root;  the  muscular 

loss  corresponds  to  the  8th  cervical  and  1st  dorsal  roots  (i.e.  the  inner 
cord),  namely,  paralysis  of  all  the  flexors  of  the  wrist  and  fingers,  and  of 
all  the  intrinsic  muscles  of  the  hand.  Note  the  marked  wasting  of  the 

palmar  muscles,  making  apparent  the  long  flexor  tendons. 
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cord,  which  was  reddish,  thickened,  and  nodular,  was  densely- 
adherent  to  a  mass  of  fibrous  tissue,  in  which  was  the  fibrosed 
and  obliterated  axillary  artery. 

Fig.  87  is  that  of  a  soldier  wounded  by  a  rifle-bullet.  The 
bullet  entered  in  the  left  pectoral  region,  above  and  external 
to  the  nipple  ;  its  exit  was  at  the  upper  end  of  the  left  posterior 
axillary  fold. 

Two  weeks  after  the  injury  there  was  loss  of  sensation,  both 

protopathic  and  epicritic,  along  the  inner  side  of  the  left  fore- 
arm and  hand,  front  and  back,  including  two-and-a-half  ulnar 

Fig.  86. — Injury  of  the  inner  cord  of  the  brachial  plexus,  with 
paralysis  of  the  flexors  of  wrist  and  fingers,  and  of  the  intrinsic 
MUSCLES  OF  THE  HAND.  There  is  some  contraction  and  shortening  of  the 

long  flexors.  On  making  a  forceful  effort  to  clench  the  fist,  the  unopposed 
extensors  dorsiflex  the  wrist. 

fingers  in  front  and  three  fingers  on  the  dorsum.  Joint-sense 
and  vibration-sense  were  lost  in  the  two  ulnar  fingers  and  in 
their  metacarpals. 

The  patient  could  not  flex  the  fingers,  oppose  the  thumb,  nor 
spread  out  the  fingers  ;  to  faradism  there  was  no  response  in 
the  long  flexors  of  the  fingers,  in  the  thenar  or  hypothenar 
muscles,  nor  in  the  interossei ;  all  the  other  muscles  reacted 
normally.  Exploration  of  the  brachial  plexus  revealed  no  gross 
lesion  of  the  inner  cord,  but  there  was  some  scarring  in  the 

10 
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tissues  on  the  outer  side  of  the  inner  cord,  along  the  line  of  the 
bullet-track. 

Posterior  Cord  of  the  Brachial  Plexus. 

Lesions  of  the  posterior  cord  are  evidenced  by  paralysis 

of  the  muscles  supplied  by  the  circumflex,  musculo-spiral, 
and  subscapular  nerves,  and  by  anaesthesia  of  the  areas 
supplied  by  these  nerves. 

In  a  complete  lesion  the  following  muscles  are  paralysed  : 

Entrance 

Fig.  87. — Injury  of  the  inner  cord  of  the  brachial  plexus.  The 

shaded  area  is  anaesthetic  to  pin-pricks  and  cotton-wool  touches.  There  is 
paralysis  of  the  flexors  of  the  fingers,  of  the  thenar  and  hypothenar  muscles, 
and  of  the  interossei.     These  nauscles  do  not  respond  to  f  aradic  stimulation. 

latissimus  dorsi,  subscapularis,  teres  major  and  minor, 

deltoid,  triceps,  supinator  longus,  and  the  extensors  of 
wrist  and  fingers. 

A  soldier  had  a  bullet-wound,  entering  ̂   inch  to  the  right 
of  the  3rd  thoracic  spine.  The  exit-wound  was  an  inch  above 
the  middle  of  the  left  clavicle,  and  an  inch  behind  the  sterno- 
mastoid.      The  left  upper  limb  at  once  fell  powerless  by  his 
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side.  He  had  no  hjEinoptysis.  After  the  injury  he  developed 
intermittent  pain  along  the  flexor  aspect  of  the  left  forearm 
from  the  elbow  to  the  fingers,  worst  at  nights. 

On  examination,  a  month  later,  a  hard  lump  was  felt  above 

the  left  clavicle,  in  the  position  of  the  exit-wound,  tender  on 
pressure,  not  movable. 

There  was  no  cutaneous  anaesthesia  or  analgesia  of  the  left 

upper  limb.  Joint-sense  was  every^vhere  normal.  The  pec- 
toralis  major  was  powerful.  The  left  deltoid  was  paretic  but 
able  to  contract,  though  not  enough  to  produce  abduction  of 
the  shoulder.  The  biceps  was  powerful ;  the  triceps  was 

completely  paralysed.  There  was  also  paralysis  of  the  supina- 
tor longus  and  of  the  long  extensors  of  the  wrist,  fingers,  and 

thumb.  The  latissimus  dorsi  was  paralysed  and  did  not 
contract  on  coughing.  All  the  other  muscles  of  the  limb  were 
normal. 

To  faradism  there  was  loss  of  reaction  in  the  latissimus  dorsi, 

triceps,  supinator  longus,  and  extensors  of  wrist,  fingers,  and 
thumb.     All  the  other  muscles  reacted  normally. 

Combined  Lesion   of   the  Posterior    and   Liner   Cords   of   the 
Brachial  Plexus. 

Fig.  88  is  that  of  a  man  who,  when  drunk,  fell  and  dislocated 
his  left  shoulder.  When  seen  the  next  day,  eighteen  hours 
afterwards,  he  was  found  to  have  a  subcoracoid  dislocation  ; 
this  was  easily  reduced.  His  left  arm  and  hand  were  severely 
paralysed,  but  he  could  flex  his  elbow  and,  by  means  of  the 
biceps,  supinate  his  forearm. 

One  week  later  the  faradic  response  was  lost  in  the  deltoid, 
triceps,  supinator  longus,  extensors  of  wrist  and  fingers,  and 
small  muscles  of  the  hand  ;  there  was  a  diminished  response 
in  the  flexors  of  the  forearm ;  the  biceps  response  was  normal 
to  galvanism,  KCC  >  ACC,  but  the  contractions  were  not  brisk. 

Three  weeks  after  the  injury  the  following  was  the  response 
to  galvanism  :  KCC  >  ACC  in  deltoid,  supinator  longus  and 
interossei  muscles  ;  KCC  =  ACC  in  the  extensors  of  wrist  and 
thenar  muscles  ;  ACC  >  KCC  in  triceps  and  extensor  longus 
pollicis. 



148     NERVE  INJURIES  AND  THEIR  TREATMENT 

Fig.  88. — Injury  to  the  posterior  and  inner  cords  of  the  left 
brachial  plexus,    caused   by  a  subcoracoid   dislocation   of    the 
HUMERUS. 

Outer  Cord  of  the  Brachial  Plexus. 

Lesions  of  the  outer  cord  result  in  paralysis  of  the 

muscles  supplied  by  the  musculo-cutaneous  nerve  and  the 
median  nerve  (with  the  exception  of  the  intrinsic  muscles 

of  the  hand),  i.e.  there  is  paralysis  of  the  biceps,  coraco- 
brachialis,  brachialis  anticus,  and  the  radial  flexors  of  the 

fingers  and  wrist ;  there  is  also  anaesthesia  along  the  outer 
border  of  the  forearm. 

A  sapper  in  the  Australian  engineers  was  wounded  by  a 
bullet  which  entered  ̂   inch  below  the  right  clavicle,  at  a 

point  i  inch  internal  to  the  coracoid  process.  The  exit- 
wound,  large  and  oblique,  was  in  the  left  supra-spinous  fossa, 
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4  inches  long,  with  its  upper  end  1  inch  to  the  right  of  the 
4th  thoracic  spine.  He  felt  as  if  he  had  received  a  violent 

blow  in  the  back.  The  right  upper  limb  at  once  dropped 
poAvcrless.  The  right  upper  limb  at  once  became  numb,  especi- 

ally in  the  fingers.     The  patient  had  no  haemoptysis. 
When  examined,  ten  days  after  the  injury,  there  was  loss 

of  sensation  to  touches  and  pin-pricks  in  nearly  the  whole  right 
upper  limb,  except  along  the  inner  side  of  the  upper  arm,  and 
in  the  median  and  radial  distributions  in  the  hand.  (See 

Fig.  89.)     Joint-sense  was  lost  at  all  the  digital  joints  except 

EnC 

Fig.  89. — Lesion  of  brachial  plexus,  mainly  outer  cord.     Anaesthesia 
of  musculo-spiral,  musculo-cutaneoiis,  and  ulnar  areas. 

those  of  the  thumb  ;  it  was  normal  at  the  wrist,  elbow,  and 

shoulder.  All  the  muscles  of  the  shoulder- joint  were  powerful. 
The  biceps  was  totally  paralysed,  but  the  patient  was  still  able 
to  flex  the  elbow  by  means  of  the  supinator  longus.  He  could 
supinate  the  forearm,  but  could  not  pronate  it  beyond  the 

mid-position.  He  could  not  flex  the  wrist,  fingers,  nor  thumb, 
but  was  able  to  extend  them.  All  the  intrinsic  muscles  of  the 

hand  were  paralysed  (i.e.  the  lesion  also  implicated  the  inner 
cord).  To  faradism  there  was  loss  of  reaction  in  the  long  flexors 
of  the  wrist,  fingers,  and  thumb,  also  in  the  pronators  and 
in  all  the  intrinsic  hand  muscles.  The  reaction  in  the  biceps 

was  feeble.     There  was  a  brisk  response  in  the  extensors  of  the 
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wrist,  fingers,  and  thumb,  also  in  the  .supinator  longus,  triceps, 
and  deltoid. 

Hysterical  Paralysis  simulating  a  lesion  of  the  Brachial  Plexus. 

A  lesion  of  the  brachial  plexus  may  have  a  hysterical 

paralysis  superadded,  or  a  hysterical  paralysis  may  closely 
simulate  a  plexus  palsy,  as  in  the  following  case  : 

An  officer,  aged  25,  was  wounded  by  a  bullet  in  the  region 

of  the  left  shoulder.  The  entry- wound  Avas  in  front,  just  outside 
the  surgical  neck  of  the  humerus  ;  the  exit  was  behind,  and 
one  inch  below  the  level  of  the  entrance.  No  bone  was  frac- 

tured. The  whole  limb  at  once  dropped  powerless  and  '  dead.' 
When  he  came  under  observation  four  months  later  there  was 

total  anaesthesia  and  analgesia  of  the  whole  limb  from  the 
shoulder  downwards,  wath  the  exception  of  a  narrow  strip 
running  along  the  radial  border  of  the  forearm  and  hand. 
Joint-sense  was  absent  at  all  joints  from  fingers  to  shoulder, 
and  vibration-sense  lost  in  the  whole  limb,  including  the  scapula. 
The  shoulder,  elbow,  wrist,  and  most  of  the  fingers  w^ere  com- 

pletely paralysed,  and  the  limb  dangled  like  a  dead  weight, 
flaccid  and  helpless.  (See  Figs.  90  and  90  a.  )  The  only  voluntary 
movements  possible  were  feeble  flexion  of  the  thumb,  index 
and  middle  fingers,  and  very  feeble  radial  flexion  of  the  wrist. 
The  whole  limb  was  slightly  wasted.  All  its  muscles,  however, 
reacted  normally,  both  to  faradism  and  to  galvanism.  The 
diagnosis  of  hysterical  paralysis  was  made. 

Under  nitrous  oxide  anaesthesia  the  patient  moved  all  his 
fingers  energetically,  but  nothing  more.  On  coming  round, 
before  he  recovered  from  the  confusion  of  his  anaesthetic,  he 
was  induced  to  move  all  the  forearm  muscles,  and  to  flex  the 

elbow  repeatedly  when  aided  by  the  stimulus  of  faradic  shocks 
under  the  wrist. 

In  a  few  minutes,  however,  the  paralytic  symptoms  re- 
appeared as  severely  as  ever,  and  the  patient  refused  further 

treatment. 

A  few  weeks  later,  when  driving  a  motor-car  along  the  street, 
using  his  non-paralysed  hand  only,  he  had  to  SAverve  suddenly 
to  avoid  a  collision.     Involuntarily  he  placed  the  paralysed 
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limb  on  the  steering-wheel,  so  as  to  assist  his  right  hand.  He 
then  discovered  that  he  was  able  to  move  the  right  limb  well 

at  all  joints.  When  re-examined  shortly  afterwards,  the 
anaesthesia  was  fomid  to  have  disappeared,  whilst  motor  power 
had  also  returned. 

Fig.  90. Fig.  90  a. 

Fig.  90. — Hysterical  paralysis  of  the  left  upper  limb.  This 

immediately  followed  a  gunshot-wound.  The  arrow  points  to  the  entrance 
scar.  The  whole  limb  was  anaesthetic  save  for  the  radial  border  of  fore- 

arm, and  radial  three  fingers.  There  was, total  paralysis,  save  for  feeble 
flexion  of  thumb,  index  and  middle  fingers,  and  very  feeble  radial  flexion 

of  wrist  (i.e.  of  those  muscles  subjacent  to  the  non-anaesthetic  area). 

Fig.  90  a — The  arrow  points  to  the  scar  of  exit.  The  black  line  indicates 
the  upper  limit  of  anaesthesia. 

Cervical  rib. 

Fibres  from  the  8th  cervical  and  1st  dorsal  nerves  are 

occasionally  injured  by  the  pressure  of  a  cervical  rib. 

By  '  cervical  rib '  is  meant  the  exaggerated  anterior 
tubercle  of  the  transverse  process  of  the  7th  cervical 

vertebra,  the  extremity  of  which  is  connected  by  a  fibrous 
band  to  the  1st  rib  or  to  the  sternum. 
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Fig.  91  is  the  photograph  of  a  Avoman,  aged  28,  ■who  for  six 
months  had  noticed  gradual  weakness  of  the  right  hand,  with 

tingling  down  the  inner  side  of  the  forearm  and  in  the  two 

ulnar  fingers.  The  patient  presented  no  abnormality  save  in 
the  right  upper  limb,  and  here  there  was  no  anjcsthesia  to 

cotton-wool,  pin-pricks,  nor  to  temperature ;  all  the  muscles 
were  normal  except  the  interossei  and  hypothcnar  muscles, 

Fig.  91. — Right-sided  brachial  plexus  injtjky  feom  pressure  of 
A  cervical  rib.  The  interossei  and  hypothenar  muscles  are  wasted  ; 

there  is  hyper-extension  of  the  two  ulnar  fingers  at  the  metacarpo- phalan- 
geal joints,  and  the  patient  complains  of  weakness  in  the  right  hand  and 

tingling  down  the  inner  side  of  forearm  and  in  the  two  ulnar  fingers. 

which  were  wasted.  There  was  slight  hyper-extension  of  the 

two  ulnar  fingers  at  the  metacarpo-phalangeal  joints.  There 
was  slight  wasting  at  the  inner  side  of  the  thenar  eminence,  but 
all  movements  of  the  thumb  could  be  freely  executed.  She 

could  not  spread  out  the  fingers  of  her  right  hand  so  well  as 
those  of  her  left. 

A  radiogram  (Fig.  92)  showed  that  the  transverse  processes  of 
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the  7th  cervical  vertebra  were  enlarged,  and  particularly  so  on  the 

right  side.  The  right  transverse  process  was  therefore  removed, 

and  the  posterior  edge  of  the  scalenus  anticus  muscle  incised. 

For  the  first  few  days  the  tingling,  of  which  the  patient  had 

previously  complained,  was  felt  in  the  whole  of  the  arm,  but 

this  cleared  up  entirely,  including  the  abnormal  sensations  in 

the  little  and  half  the  ring  finger. 

This  patient  later  developed  similar  symptoms  in  the  left 

hand,  frcm  pressure  of  the  left  transverse  process. 

Fig.  92. — Radiogram  of  patient  shown  in  Fig.  91.  The  picture 
shows  enlargement  of  the  transverse  processes  of  the  7th  cervical  vertebra, 
particularly  well  marked  on  the  right  side,  to  which  the  arrow  points. 

An  operation  to  expose  the  brachial  plexus. 

An  incision  is  made  from  the  middle  of  the  posterior  edge 

of  the  sterno-mastoid  to  the  junction  of  the  middle  and  outer 
thirds  of  the  clavicle.  On  opening  the  deep  fascia  in  the  same 
line  the  transverse  cervical  vessels  will  be  seen  ;  divide  these 

between  two  clamps. 

Near  the  upper  end  of  the  wound  seek  the  posterior  edge 
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Scalencus 
anticus 

Transverse 
cervical 
vessels 

Supra- scapular 
nerve 

Supra- scapular 
vessels 

Subclavius 

Cephalic 
vein 

Deltoid 

Fig.  93. — An  operation  to'expose  the  eight  brachial  plexus.  The 
incision  commences  at  the  middle  of  the  posterior  edge  of  the  sterno- 
mastoid,  and,  having  crossed  the  clavicle  at  the  junction  of  the  outer 
with  the  middle  third,  opens  up  the  interval  between  the  deltoid  and 
pectoralis  major  muscles. 

of  the  scalenus  anticus,  and  here  will  be  found  the  junction  of 
the  5th  with  the  6th  cervical  nerve.  Follow  this  down,  and 

look  out  for  the  suprascapular  nerve  which  comes  off  from  the 
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outer  edge  of  the  conjoined  oth  and  6th  nerves  immediately 

below  their  junction.  Below  and  internal  to  this  nerve-trunk 
the  7th  nerve  will  be  found ;  and  below  and  internal  to  this, 
the  8th  cervical. 

Lower  still  and  deeper,  i.e.  farther  from  the  surface,  the  1st 

dorsal  nerve  will  be  found,  posterior  to  the  subclavian  artery. 

To  get  a  satisfactory  exposure  of  the  1st  dorsal  nerve, 

prolong  the  incision  downwards  and  outwards,  in  the  interval 
between  the  deltoid  and  jDectoralis  major  muscles,  and  cut 

through  the  clavicle.  Cut  through  the  periosteum  of  the 

clavicle  on  its  superior  and  anterior  surfaces  ;  with  an  aneurysm- 
needle  separate  the  periosteum  posteriorly.  As  this  is  being 

done,  working  from  below,  keep  the  needle  closely  hugging  the 

bone  ;  when  the  eye  of  the  needle  appears  above,  pass  a  silk 

ligature  through  it  and  withdraw  the  needle.  The  silk  is  now 

tied  to  the  end  of  a  Gigli  saw,  and  by  means  of  this  the  saw 

is  passed  behind  the  bone.  Saw  through  the  clavicle,  and  cut 

through  the  periosteum,  subclavius  muscle,  and  costo-coracoid 
membrane.  If  these  have  not  been  encountered  before,  now 

clamp  the  supra-scapular  vessels  in  two  places,  and  divide 
between.  If  still  the  lesion  be  insufficiently  exposed,  incise  the 

upper  margin  of  the  pectoralis  minor,  or  cut  right  through  it. 

The  exposure  thus  gained  in  the  various  stages  is  all  one 
can  desire  (see  Fig.  93). 

At  the  end  of  the  operation,  suture  the  pectoralis  minor 
muscle,  and  wire  the  cut  ends  of  the  clavicle. 

THE    POSTERIOR    THORACIC    NERVE 

Anatomy. — This  nerve  arises  from  the  5th,  6th,  and  7th 
cervical  nerves  near  the  intervertebral  foramina,  and  pierces 

the  scalenus  medius  as  two  trunks,  the  lower  being  the  branch 
from  the  7th  cervical  nerve.  It  runs  down  the  side  of  the  neck 

behind  the  brachial  plexus,  and  enters  the  axilla  between  the 

upper  edge  of  the  serratus  magnus  and  the  axillary  artery. 

It  is  a  purely  motor  nerve,  and  supplies  the  serratus  magnus 
muscle. 

This  nerve  may  be  injured  from  violence  applied  to  the 
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supraclavicular  region,  or  by  wounds  in  the  axilla,  as  in 
dissection  of  the  axilla  when  operating  for  malignant 

disease  of  the  breast.  When  injured  in  the  supraclavicular 

region  it  is  almost  always  associated  with  lesions  of  other 
nerves,  both  of  the  brachial  and  cervical  plexuses,  so  that 

Fig.  94. — Paralysis  of  the  right  serbatus  magnus  muscle  (posterior 
thoracic  nerve),  showing  the  marked  projection  of  the  inferior  angle  of 
the  scapula  when  the  arm  is  held  horizontally  in  front  of  the  body. 

the  paralysis  of  the  serratus  magnus  is  generally  associated 
with  paralysis  of  the  trapezius,  rhomboids,  spinati,  &c. 
When  isolated  paralysis  of  the  serratus  magnus  occurs 

independently  of  trauma,  the  affection  of  the  posterior 
thoracic  nerve  is  generally  occasioned  by    inflammation  of 
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the  subscapular  bursa,  close  to  which  it  runs.  This  may 
be  due  to  cold,  or  to  effusion  from  sudden  muscular 
exertion. 

Tlie  serratus  magnus  keeps  the  scapula  closely  applied 
to  the  chest  wall, 
and  can  advance 

the  scapula  to- 
wards the  front ; 

it  also  gives  the 
deltoid  and  other 

upper -arm 
muscles  a  fixed 
base  from  which 

to  work.  When 
the  serratus  is 

paralysed,  the 
scapida  shows  no 

deformity  with 

the  arm  hanging 

loosely  at  rest, 

since  the  trape- 
zius and  rhom- 

boids keep  it  in 
contact  with  the 

posterior  chest- 
wall.  But  on  ex- 

tending the  arm 

horizontally  in 

front  of  the  body 
the  scapula  u 
detached  from 

the  cherst  wall 
and  becomes 

'  winged  '  (see 
Fig.  94),  and  this 

Fig.    95. — Paralysis    and   wasting    of   the 
RIGHT    DELTOID   AND    SPINATI    MUSCLES     following 

a  gunshot -wotmd  of  the  right  side  of  the  neck, 
which  completely  divided  the  5th  cervical  root. 

is  still  more  marked  if  a  forward  pushing  movement  is 

attempted.     When   paralysis   of  the   serratus  magnus   is 
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ziufttr.'''*,  T"'"""''  1  *"^  '°""  '"'^^■^  of  th-  trape- zius   there  ,s  deformity  of  the  seapula  even  at  rest    so tl,at  ,t.s  lower  angle  is  displaecd  towards  the  middle  line and  Its  axdlary  border  becomes  almost  horizontal 

THE    CIRCUMFLEX    NERVE 

The  circumflex  nerve  is   seldom  injured  in   projectile wounds;  m  our  own  list  of  over  500  nerve  injS  th  s nerve  occurred  only  once. 
The  circumflex  nerve  as  it  winds  round  the  neck  of  the humerus  may  be  injured  in  fractures  of  the  neck  of    he 

Sympton^       There    is    paralysis    and    wasting    of    the deltcd  and  teres  minor  muscles,  with  inability  fo  abduct 
thc^arm  and  weakness  of  external  rotation  of  the  shoulder- 

In  addition,  there  is  a  patch  of  cutaneous  anaesthesia 
over  the  central  portion  of  the  muscle  '^"'^'^thesia 

Paralysis    of    the    deltoid    is,    however,    much    more 
commonly  dependent  on  lesions  of  the  5th  cerv'eal  To^ 

^:z^  ,E::tr ""  ""^'^^ "  "'^  --'  -^' 



CHAPTER  X 

THE  ULNAR  NERVE 

Anatomy. — The  ulnar  nerve  arises  from  the  inner  cord  of 
the  brachial  plexus,  and  is  derived  from  the  8th  cervical  and 
1st  dorsal  nerves. 

In  the  axilla  it  lies  between  the  axillary  artery  and  the  vein, 
and  behind  the  internal  cutaneous  nerve  ;  in  the  upper  half 
of  the  arm  it  lies  on  the  inner  side  of  the  brachial  artery.  In 
the  lower  half  it  inclines  away  from  the  artery  to  the  inner 
side  of  the  limb  and,  passing  backwards  through  the  internal 
inter-muscular  septum,  reaches  the  groove  between  the  internal 
condyle  of  the  humerus  and  the  olecranon  process.  Entering 
the  forearm  between  the  two  heads  of  the  flexor  carpi  ulnaris, 
it  runs  beneath  this  muscle  until  it  reaches  the  radial  side  of 

the  pisiform  bone ;  here  it  pierces  the  deep  fascia  and  enters 
the  hand,  superficial  to  the  anterior  annular  ligament. 

It  gives  off  no  branches  in  the  arm,  but  immediately  after 
entering  the  forearm  it  supplies  the  flexor  carpi  ulnaris  and 

the  inner  half  of  the  flexor  profundus  digitorum.*  In  the 
middle  third  of  the  forearm  the  ulnar  nerve  gives  off  a  dorsal 
cutaneous  branch,  which  passes  downwards  and  backwards 
beneath  the  tendon  of  the  flexor  carpi  ulnaris,  and  becomes 
cutaneous  on  the  inner  side  of  the  forearm  in  its  lower  fourth  ; 

^  There  is  sometimes  an  anastomotic  branch  connecting  the  ulnar  nerve 
with  the  median  in  the  upper  part  of  the  forearm  where  these  two  nerve- 
trunks  he  between  the  superficial  and  the  deep  flexor  muscles.  This 
anastomotic  branch  appears  to  carry  motor  fibres  from  the  one  nerve  to 

the  other,  thereby  reinforcing  the  double  innervation  of  the  flexor  pro- 
fundus. In  rare  cases  nearly  all  the  motor  fibres  of  the  ulnar  may  reach 

it  through  this  anastomotic  branch,  and  in  such  a  patient  a  lesion  of  the 
ulnar  nerve  above  that  level  will  produce  ulnar  anaesthesia  with  little  or 
no  motor  impairment.  (See  a  case  by  Halipr6,  Revue  Neurologique,  1917, 
p.  236.) 
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it  supplies  the  skin  over  the  ubiar  side  of  the  dorsum  of  the 
wrist,  the  whole  of  the  dorsal  surface  of  the  little  finger,  and 
the  dorsal  surface  of  the  ulnar  half  of  the  ring  finger  over  its 
proximal  phalanx.  In  the  lower  third  of  the  arm  the  ulnar 
nerve  gives  off  a  palmar  cutaneous  branch,  which  supplies 
the  skin  over  the  hypothenar  eminence  and  the  adjacent  portion 
of  the  palm. 

The  ulnar  nerve  is  mainly  destined  for  the  innervation  of 
the  hand,  where  it  supplies  the  palmaris  brcvis  muscle  and  then 
divides  into  superficial  and  deep  branches.  The  superficial 
branch  supplies  the  skin  over  the  palmar  surface  of  the  little 
and  half  the  ring  fingers,  and  the  dorsal  surface  of  the  two 
terminal  phalanges  of  the  ring  linger  on  its  ulnar  side.  The 

deep  branch  supplies  all  the  muscles  of  the  hypothenar  em.in- 
ence  (the  abductor,  flexor  brcvis,  and  opponens  minimi  digiti), 

all  the  interossei,  the  two  (sometimes  the  three)  inner  lumbri- 
cales,  the  adductor  obliquus,  adductor  transversus,  and  the 
deep  part  of  the  flexor  brcvis  pollicis. 

In  the  upper  arm  the  fibres  for  the  long  flexors  of  the  fingers 

lie  in  the  postero-external  part  of  the  nerve  trunk,  those  for 
the  flexor  carpi  ulnaris  at  the  inner  side,  and  those  for  the 
intrinsic  hand  muscles,  together  with  the  cutaneous  sensory 
fibres,  in  the  antero-internal  part ;  lower  doAvn,  above  the 
wrist,  the  cutaneous  fibres  lie  superficially,  with  the  motor 
fibres  for  the  hypothenar  muscles  and  the  inner  interossei ; 
the  fibres  for  the  outer  interossei  lie  externally. 

In  civil  life  the  ulnar  nerve  is  most  commonly  injured 

in  penetrating  w^ounds  about  the  wrist- joint  ;  it  is  some- 
times injured  at  the  elbow^  as  it  passes  behind  the  internal 

condyle,  either  by  a  direct  blow  or  accompanying  fractures 
and  dislocations. 

In  warfare,  injury  of  the  ulnar  nerve  by  penetrating 

wounds  is  common  in  every  part  of  its  course. 

Symptoms  of  Ulnar  Nerve  Paralysis. 

Sensory.  In  total  ulnar  palsy  there  is  loss  of  cutaneous 
sensation  in  the  little  finger  and  tfie  ulnar  half  of  the  ring 

finger  and  the  corresponding  part  of  the  hand,  front  and 
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back,  not  extending  above  the  wrist.  The  protopathic 
loss  is  less  than  the  epicritic,  and  loss  of  sensation  to  deep 

pressure  is  limited  to  the  little  finger  (see  Fig.  96).  Joint- 
sense  is  lost  in  the  little  finger,  and  sometimes  also  in  the 

ring  finger.  If  the  nerve  is  severed  after  it  has  given  off 
its  dorsal  cutaneous  branch,  loss  of  sensibility  will  be 

confined  to  the  palmar  surface  of  the  hand  and  fingers 

Exit 

Entrance  - 

Fig.  96. — Wound  of  the  ulnar  neeve.  The  shaded  area  is  that 

insensitive  to  pin-pricks  (protopathic  loss).  The  dotted  area  is  the  ad- 
ditional area  insensitive  to  cotton-wool  touches  (epicritic  loss).  The 

crosses  indicate  the  region  where  there  is  loss  of  sensation  to  deep  pressure. 

Joint-sense  is  lost  in  the  little  finger  and  vibration-sense  in  the  two  ulnar 
fingers.  The  ulnar  nerve  and  its  dorsal  cutaneous  branch  were  found 
embedded  in  dense  scar  tissue. 

and  to  the  dorsal  surface  of  the  two  terminal  phalanges 
of  the  ring  finger  on  its  ulnar  side.  If  the  lesion  be  lower 
still,  after  the  nerve  has  given  off  its  last  cutaneous 

branch,  there  will  be  no  area  of  anaesthesia  (see  Fig.  97). 
Accidental  burns  in  the  anaesthetic  area  of  the  hand  and 

fingers  are  very  common  (see  Fig.  7,  p.  7). 
Pain  at  the  moment  of  injury  is  usually  severe,  shooting 

11 
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down  the  limb  to  the  two  ulnar  fingers.  This  pain  may 
persist  for  a  considerable  time,  but,  compared  with  median 

palsy,  pain  is  not  an  outstanding  feature,  and  typical 
thermalgia  (eausalgia)  does  not  occur  in  pure  ulnar  lesions. 
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Fig.  97. — Bullet -wound  of  the  deep  branch  of  the  ulnar  nerve 

accompanied  by  no  sensory  loss,  and  with  joint-sense  normal 
IN  ALL  JOINTS.  Entrance-wound  at  ulnar  border  of  hand,  two  inches 
below  the  wrist.  Exit-wound  on  dorsum,  the  bullet  having  traversed  the 

carpus.  Note  the  position  of  the  two  ulnar  fingers  :  hyper-extension  at 
the  metacarpo-phalangeal  joints  and  semi-flexion  at  the  interphalangeal 
joints. 

Motor.  The  muscles  between  the  metacarpal  bones, 

especially  those  in  the  first  interosseous  space,  become 
wasted,   and  the   bones    become    abnormally   prominent. 

Owing  to  paralysis  of  the  interossei  (whose  action  is  to 

extend  the  two  distal  phalanges  of  each  finger),  the  inter- 
phalangeal joints  become  flexed  by  the  unopposed  action 
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all  his  fingers  ;   compare  the  t
wo  hands. 
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of  the  flexors  of  the  fingers  ;  and,  owing  to  paralysis  of 
tlic  two  inner  lunibricales  (whose  action  is  to  flex  the 

metacarpo-phalangeal  joints),  the  Httle  and  ring  fingers 
become  hyper-extended  at  these  joints  by  the  unopposed 
action  of  the  extensor  communis  digitorum.  This  con- 

dition is  known  as  claw-hand  or  main  en  griffe. 
An  additional  sign,  due  exclusively  to  paralysis  of  the 

interossei,  is  that  the  fingers  can  no  longer  be  spread  out 
in  fanlike  fashion  (Fig.  98),  nor  can  the  middle  and  distal 

phalanges  be  fully  extended.  The  little  finger  is,  however, 

generally  kept  widely  abducted  by  the  unopposed  action 
of  the  extensor  minimi  digiti.  From  paralysis  of  the 

adductor  obliquus,  adductor  transversus,  and  the  deep 

part  of  the  flexor  brevis  pollicis,  the  power  of  adducting 

the  thumb  is  lost ;  the  hypothenar  muscles,  the  interossei, 
the  thumb  adductors,  and  the  ulnar  lumbricales  waste, 

and  the  long  flexor  tendons  become  visible  as  longitudinal 

ridges  in  the  palm. 

One  of  the  most  constant  signs  of  ulnar  palsy  is  demon- 
strated by  handing  the  patient  some  thin  object,  such 

as  a  sheet  of  paper,  and  asking  him  to  catch  firm  hold 
of  it,  first  with  the  normal  hand  and  then  with  the  paralysed 

hand.  Or  we  may  get  the  patient  to  hold  the  paper  in 
both  hands  and  to  pull  them  in  opposite  directions.  On 
the  normal  side,  the  whole  length  of  the  thumb  is  held  in 

contact  with  the  paper,  pressing  it  against  the  index,  the 
terminal  phalanx  of  the  thumb  being  extended  or  perhaps 

slightly  flexed.  On  the  paralysed  side,  however,  pre- 
hension is  weakened,  and  only  the  pulp  of  the  thumb-tip 

touches  the  paper  ;  the  terminal  phalanx  of  the  thumb 
becomes  flexed  and  the  paper  is  held  between  the  tips  of 
the  flexed  thumb  and  flexed  index  finger.  Other  than 

at  their  tips,  the  thumb  and  index  finger  are  separated 

by  an  open  space  (Fig.  99).  This  prehension  a  bout  des 
doigts  is  carried  out  by  the  long  flexors  of  the  thumb  and 

index  finger,  assisted  by  the  opponens  pollicis,  all  of  which 
are  innervated  by  the  median  nerve.     This  is  the  method 



THE  ULNAR  NER\^ 165 

normally  used  when  performing  movements  of  delicacy,  as 
when  picking  up  fragile  objects  which  we  are  anxious  not 
to  crush.  Energetic  prehension,  on  the  other  hand,  is 

carried  out  by  the  adductors  of  the  thumb  and  the  deep 
part  of  the  flexor  brevis  pollicis,  innervated  by  the  ulnar 

nerve.  ̂  
A  lesion  at  or  above  the  elbow,  in  addition  to  the  forc- 

FiG.  99. — Left-sided  ulnar  paralysis.     Froment's  sign. 

going  symptoms,  is  accompanied  by  paralysis  of  the  flexor 
carpi  ulnaris  and  the  inner  half  of  the  flexor  profundus 
digitorum,  so  that  the  patient  cannot  perform  ulnar  flexion 
of  the  wrist,  nor  can  he  flex  the  terminal  phalanx  of  the 
little  or  ring  finger.  In  this  latter  case  the  deformity  of 
these  two  fingers  is  much  less  marked. 

Vasomotor  and  Trophic  Changes. 

Horny  thickening  of  the  epidermis  (hyperkeratosis)  over 

1  Froment,  Presse  Medicate,  1915,  October  21. 



166    NERVE  INJURIES  AND  THEIR  TREATMENT 

the  palmar  distribution  of  the  uhiar  nerve  occurs  in  certain 

loijg-standing  cases ;  otherwise  trophic  changes  are  un- 
common ;  in  particular,  we  do  not  meet  with  the  excessive 

sweating  so  characteristic  of  median  palsy.  More  often, 

the  skin  is  abnormally  cold  and  dry.  Sometimes,  when 
the  median  and  ulnar  are  both  injured,  the  difference  as 

to  the  sweating  of  the  two  cutaneous  territories  is  particu- 
larly striking. 

Diagnosis.  The  symptoms  of  paralysis  of  the  ulnar 
nerve  can  only  be  confused  with  those  due  to  a  lesion  of 
the  8th  cervical  and  1st  dorsal  roots,  or  of  the  inner 

cord  of  the  plexus,  and  in  these  the  motor  and  sensory 

paralysis  have  the  characteristic  distribution  of  root-areas 

(see  pp.  130-131) ;  i.e.  there  is  anaesthesia  along  the  inner 
side  of  the  forearm  and  hand,  and  all  the  small  muscles 

of  the  hand  are  paralysed  (Figs.  85  and  87). 

Incomplete  Lesions  of  the  Ulnar  Nerve. 

Incomplete  lesions  of  the  ulnar  nerve  are  frequently 

associated  with  spontaneous  pains  in  the  area  of  its  cutane- 
ous supply.  These  pains  rarely  attain  the  severity  of 

those  found  in  incomplete  lesions  of  the  median  nerve. 

Pain  m.ay  also  be  induced  by  pressure  on  the  nerve  at 

the  site  of  injury,  or  over  the  nerve-trunk  distal  to  this. 
The  muscles  suppUed  by  the  nerve  are  frequently  tender 
to  pressure,  and  pain  can  generally  be  elicited  by  pinching 
the  hypothenar  muscles. 

Incomplete  lesions  are  often  associated  with  fibrous 

changes  in  the  palmar  fascia  and  adhesions  in  the  tendon- 
sheaths,  resulting  in  irreducible  deformity  of  the  two  ulnar 

fingers. 

A  fibrous  '  griffe '  which  is  irreducible  is  highly  sugges- 
tive of  an  incomplete  lesion  of  the  nerve. 

Delayed  Ulnar  Neuritis. 

Late  paralysis  of  the  ulnar  nerve,  due  to  chronic  inter- 
stitial neuritis,  is  a  rare  affection  which  sometimes  super- 
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venes  upon  an  old  dislocation  of  the  elbow-joint,  or  a 
fracture  in  its  neighbourhood,  especially  after  a  fracture  of 
the  internal  condyle  of  the  humerus  which  has  produced 

cubitus  valgus  (see  I  ig.  100)  and  alteration  in  the  configu- 
ration of  the  ulnar  groove  behind  the  internal  condyle. 

The  interval  of  time  which  elapses  between  the  original 

joint-injury  and  the  onset  of  ulnar  symptoms  may  be 
many  years — as  long  an  interval  as  39  years  has  been 
recorded.  During  this  latent  period,  there  are  no  symp- 

toms, beyond  the  deformity  and  restricted  movement  of 

the  elbow-joint.  Then,  slowly  and  gradually,  progressive 
symptoms  of  ulnar  palsy  develop,  running  an  extremely 
chronic  course,  consisting  in  atrophic  paralysis  of  the 

intrinsic  hand-muscles  belonging  to  the  ulnar  distribution. 
There  may  also  be  corresponding  sensory  disturbances,  in 
the  form  of  tingling  or  anaesthesia,  but  these  are  often 
absent  or  trivial  in  degree. 

To  check  the  progress  of  the  atrophy,  surgical  inter- 
vention is  necessary,  in  order  to  free  the  ulnar  nerve  from 

pressure.  This  may  be  attained  by  transposing  the  nerve- 
trunk  from  the  back  of  the  internal  condyle  to  the  front. 

If  the  nerve  is  severely  sclerosed  and  nodular  at  its  point 

of  injury,  it  may  be  necessary  to  resect  the  affected  zone 
of  induration. 

The  following  are  illustrative  cases  : — 

At  the  age  of  6,  a  little  boy  fell  off  a  fence,  landing  on  his 
left  elbow  and  sustaining  a  fracture  of  the  lower  end  of  the 

humerus.  A  radiogram  taken  37  j'-ears  later,  when  he  was  a 
medical  officer  on  active  service  in  Macedonia,  showed  the  old 

T-shaped  fracture,  with  abnormal  thickening  and  prominence 
of  the  internal  condyle.  At  the  time  of  the  accident  the  limb 
was  put  up  in  a  rectangular  splint ;  the  fracture  became  united 
and  the  movements  of  the  joint  slowly  recovered,  although 
slight  limitation  of  extension  persisted. 
Twenty  years  after  the  accident  he  was  building  a  hut 

in  Canada  in  the  winter-time,  when  the  cold  was  intense.  He 
had  to  use  his  left  hand  a  great  deal  for  holding  nails.     Within 
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a  week  or  so,  he  noticed  gradual  weakness  and  anaesthesia  of 

the  left  hand.  There  was  no  pain,  only  pins-and-needlcs  in 
the  anaesthetic  area  at  the  ulnar  side  of  the  hand.  Intcrosseal 

atrophy  rapidly  developed,  with  claw-hand  and  inability  to 
extend  the  two  distal  joints.  For  the  first  two  months,  this 

got  steadily  worse.  It  then  became  stationary,  and  after  six 

months  spontaneous  improvement  set  in,  so  that,  at  the  end 
of  nine  months,  the  anaesthesia  had  disappeared  and  there 

was  almost  complete  motor  recovery.  Subsequent  to  this,  he 
used  to  notice  that  if  he  kept  his  left  elbow  flexed  for  five  or 

ten  minutes,  the  ulnar  area  of 
the  hand  became  anresthetic, 

until  he  relaxed  the  nerve  by 

extending  the  elbow,  v;hcn  the 
anaesthesia  cleared  up  within  a minute^ 

A  year  after  the  onset  cf  the 

paralysis,  i.e.  21  years  after  the 
original  fracture,  the  left  ulnar 

nerve  was  exposed  by  operation 
behind  the  internal  condyle. 
Fibrous  adhesions  were  found 

and  separated  off  the  nervc- 

trimk.  The  wound  healed  'per 
primam.  For  about  a  week 
after  this  operation,  there  was 

severe  pain  all  down  the  course 
of  the  ulnar  trunk,  requiring 

morphia.  The  numbness  on 

flexing  the  elbow  was  consider- 
ably relieved  after  this  operation,  and  it  now  took  prolonged 

flexion  of  an  hour  or  more,  e.g.  during  sleep,  to  produce  ulnar 
anaesthesia. 

At  the  age  of  41  the  pain  and  anaesthesia  increased,  in  certain 

flexed  postures  of  the  elbow,  but  there  was  no  increase  in  the 

muscular  atrophy. 

When  examined  at  the  age  of  43,  there  was  an  old-standing 

deformit}"  of  the  left  elbow,  with  undue  prominence  of  the 
internal  condyle  of  the  humerus.  There  was  an  old  operation- 
scar  over  the  course  of  the  ulnar  nerve  behind  the  elbow,  and 

Fig.  100. — Ulnar  paralysis, 
Showing  bony  deformity  of  the 

internal  condyle  of  the  left  hu- 
merus causing  the  paralysis. 
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helltC^^r'  ";""-^^"^^^  felt  thickened,  compared  with  the 
cut  But  h;  th.  7  '"'  "°  ̂^'''''''  an.^sthesia  to  be  made out.     But   m  the  ulnar   area   of   the    hand   the  compass-test 

and  lo'se  of  n  .r^""  ̂AKAi^Ysis.     A  shows  the  wasting  of  muscles 
ou      h.  fi    ̂   "  I  '  mterossei,  as  evidenced  by  the  inability  to  spread 

cThows  rtf  "•  ̂   °"'-  '^'  ̂^*"™  *°  ̂°^-^l'  f«"°--g  the'^operation. c  shows  recovery  of  sensation  at  successive  dates  after  operation. 

was  only  recognized  at  a  separation  of  2  cm.,  compared  with 
1  cm.  in  the  healthy  hand.  There  was  well-marked  atrophy ot  the  hrst  dorsal  interosseous  muscle  and  of  all  the  hvpo- 
thenar  muscles.     Abduction  of  the  index  was  slightly  feeble 
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but  all  other  intrinsic  hand-movements  were  well  performed. 
To  faradism  there  was  marked  diminution  of  reaction  in  all 

the  interossei,  especially  the  first  and  second. 
Figs.  100  and  101  relate  to  a  boy  who  on  August  14, 1916,  fell, 

injuring  his  left  elbow.  For  ten  weeks  after  the  injury  his  left 
hand  was  normal.  Later  it  was  noticed  that  it  was  becoming 
weaker  than  the  right  hand.  When  seen  on  December  18,  1916, 
he  was  found  to  have  a  bony  deformity  in  the  region  of  the 
internal  condyle.  (See  Fig.  100.)  The  sensory  loss  was  as 

shown  in  the  diagram.  Pressure-sense  was  lost  over  the  three 
phalanges  of  the  little  finger.  There  was  marked  wasting  of 
the  interossei,  and  no  movement  in  them.  Adduction  of  the 
left  thumb  was  weaker  than  that  of  the  right.  There  was  no 
response  to  faradism  in  the  flexor  carpi  ulnaris,  nor  in  the 
interossei.  To  galvanism  the  contractions  were  sluggish,  with 
polar  changes. 

At  the  operation  on  February  7,  1917,  the  ulnar  nerve  behind 
the  internal  condyle  was  found  stretched  over  a  boss  of  bone. 
The  nerve  was  therefore  transposed  to  the  front  of  the  joint. 

February  20,  1917.  The  patient  could  now  adduct  the 
little  finger,  and  could  adduct  the  thumb  more  forcibly  than 
before.     (For  sensory  loss,  see  Fig.  101  c.) 

March  1,  1917.  There  was  only  epicritic  sensory  loss  over 
the  two  terminal  phalanges  of  the  little  finger  (Fig.  101  c). 

There  was  no  loss  of  pressure-sense.  Adduction  of  the  thumb 
was  normal. 

Three  weeks  later  there  was  no  sensory  loss  of  any  kind. 

MEDIAN    NERVE 

Anatomy. — The  median  nerve  arises  by  two  heads,  one  from 
the  outer  cord  and  the  other  from  the  inner  cord  of  the 

brachial  plexus.  The  outer  head  receives  fibres  from  the  6th 
and  7th  cervical  nerves,  the  inner  head  from  the  8th  cervical 
and  1st  doi-sal  nerve.  The  two  heads  of  the  median  embrace 
the  axillary  artery.  The  nerve  descends  close  along  the  outer 
edge  of  the  brachial  artery,  which  separates  it  from  the  ulnar 
and  internal  cutaneous  nerves,  and  crosses  it  in  the  lower 
half  of  the  arm.     At  the  bend  of  the  elbow  it  lies  internal  to 
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the  brachial  artery,  and  beneath  the  bicipital  fascia  and  the 
median  basilic  vein.  It  now  leaves  the  brachial  artery  and 
enters  the  forearm  between  the  two  heads  of  the  pronator  radii 
teres.  It  rmis  down  the  forearm  between  the  superficial  and 
deep  muscles,  inclining  towards  the  radial  side.  At  the  wrist 
it  becomes  almost  subcutaneous,  lying  directly  beneath  the 
tendon  of  the  palmaris  longus,  and  having  the  flexor  carpi 
radialis  on  its  radial  side  and  the  superficial  flexor  tendons  on 
its  ulnar  side. 

In  the  upper  arm  it  usually  gives  off  no  branch.  Immediately 
after  the  nerve  has  entered  the  forearm  it  gives  off  branches 
which  supply  all  the  muscles  on  the  flexor  aspect,  with  the 
exception  of  the  flexor  carpi  ulnaris  and  the  inner  half  of  the 
flexor  profundus  digitorum.  Its  anastomotic  branch  to  the 
ulnar  nerve  has  already  been  referred  to  (p.  159,  footnote). 

The  median  nerve-trunk  passes  beneath  the  anterior  annular 
ligament,  lying  on  the  radial  side  of  the  flexor  tendons,  and  at 
its  lower  border  gives  off  muscular  branches  to  the  abductor 
pollicis,  opponcns  pollicis,  and  superficial  head  of  the  flexor 
brevis  pollicis,  to  the  lumbricales  of  the  index  and  medius 
(sometimes  of  the  index  alone),  and  cutaneous  branches  to  the 

palm  and  three-and-a-half  radial  fingers. 
This  imi^ortant  nerve-trunk  is  therefore  the  nerve  of  prona- 

tion, of  flexion  of  the  wrist  and  fingers,  and  of  opposition  of 
the  thumb. 

Sensory  Symptoms. 

In  complete  median  palsy,  cutaneous  anaesthesia  is 

present  in  the  palmar  surface  of  three-and  a- half  radial 
digits  and  in  the  corresponding  part  of  the  palm,  up  to  the 
fold  of  the  wrist.  The  anaesthesia  also  extends  on  to  the 

dorsum  of  the  index,  middle,  and  half  the  ring  fingers, 
except  on  the  proximal  half  of  the  proximal  phalanges 

which  are  supplied  by  the  radial  nerve  (see  Fig.  116,  p.  193). 

Joint-sense  is  lost  in  the  thumb,  index  and  middle  fingers, 
and  there  is  generally  astereognosis,  i.e.  inability  to  recog- 

nize by  feeling  alone  the  shape  of  objects  placed  between 
the  affected  digits.  Total  anaesthesia  of  the  affected 

territory  is  rare  j   more  usually  we  find  simple  blunting  of 
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sensation  to  touches  and  pin-pricks.  On  the  other  hand, 

this  blunted  cutaneous  area  is  often  hyper-sensitive  to 
deep  pressure.  The  extent  of  anaesthesia  varies  greatly 

(see  Figs.  103-108). 

Motor  Symptoms. 

When  the  nerve  is  completely  divided  at  or  above  the 

elbow,  all  the  muscles  supplied  by  it  are  paralysed ;  there 

13 Fig.  102. — Paralysis  of  the  left  median  nerve.  The  nerve  wa,s 
incompletely  divided.  A  shows  the  hand  at  rest ;  note  the  absence  of 
deformity,  also  the  multiple  trophic  lesions  on  the  thumb  and  on  the  two 
radial  fingers.  B  shows  the  maximvun  flexion  of  the  fingers.  Note  the 

position  of  the  index  finger,  flexed  only  at  its  metacarpo-phalangeal  joint; 
note  also  the  inability  to  flex  the  terminal  phalanx  of  the  thumb. 

is  paralysis  and  wasting  of  the  pronators,  and  the  forearm 

cannot  be  pronated  beyond  the  mid-position.  The  patient 
tries  to  compensate  for  this  loss  of  pronation  by  abducting 
the  flexed  elbow,  so  as  to  let  the  hand  fall  into  the  pronated 

position,  or,  if  the  elbow  be  extended,  by  rotating  the 
whole  arm  inwards  at  the  shoulder.  On  flexing  the  wrist 

the  hand  becomes  drawn  to  the  ulnar  side,  consequent  on 

paralysis  of  the  flexor  carpi  radiaUs;    the  long  flexors  of 
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the  thumb  and  fingers  (except  the  ulnar  portion  of  the 
flexor  profundus)  are  paralysed,  and  in  attempting  to 
clench  the  fist  it  v/ill  be  noted  that  there  is  no  flexion  of 

the  terminal  pdialanx  of  the  thumb,  that  the  index  finger 

can  only  be  flexed  at  the  metacarpo-phalangeal  joint,  and 
that  the  ring  and  little  fingers  are  usually  the  only  ones 
whose  terminal  joints  can  be  fully  flexed.  Sometimes  the 
ulnar  nerve  supplies  so  much  of  the  flexor  profundus 

that  in  median  palsy  the  middle  finger  can  still  be 
flexed  voluntarily  (see  Fig.  102  b). 

Consequent  on  the  paralysis  of  the  thenar  muscles,  the 
power  to  abduct  and  oppose  the  thumb  is  lost  (Figs.  110 
and  111). 

Fig.  102  is  that  of  a  man  who  received  a  punctured  wound  of 
the  left  upper  arm,  immediately  to  the  inner  side  of  the  biceps, 
3|  inches  above  the  level  of  the  internal  condyle.  When  seen 
four  months  later,  there  was  anaesthesia  to  cotton-wool  touches 
over  the  palmar  surface  of  the  thumb,  and  of  the  index,  middle, 
and  half  the  ring  fingers,  and  over  the  corresponding  half  of 
the  palm,  extending  to  just  below  the  fold  of  the  wrist  (Fig.  103). 

The  anaesthesia  to  pin-pricks  was  slightly  less  extensive  and 
did  not  include  the  palmar  surface  of  the  radial  half  of  the 
ring  finger.  On  the  dorsum  there  was  anaesthesia  to  cotton- 

wool touches  and  pin-pricks  over  the  terminal  phalanx  of  its 
thumb,  and  over  the  terminal,  middle,  and  half  the  proximal 
phalanges  of  the  index,  middle,  and  the  radial  half  of  the 

ring  fingers.  Deep  pressure-sense  was  lost  over  the  terminal 
phalanges  of  the  index  and  middle  fingers.  Joint-sense  was 
normal  in  all  fingers. 
The  patient  could  fully  flex  his  three  ulnar  fingers, 

making  the  finger-tips  touch  the  palm.  The  index  finger 
could  only  be  flexed  at  the  metacarpo-phalangeal  joint  by 
means  of  its  lumbrieal.  The  terminal  phalanx  of  the  thumb 

could  not  be  flexed.  The  thumb  could  be  opposed  and  ab- 
ducted. There  were  many  trophic  lesions  over  the  insensitive 

area. 

At  the  operation  the  median  nerve  was  found  embedded  in 
a  mass  of  fibrous  tissue ;  when  dissected  free  from  this,  the 
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nerve  was  seen  to  be  ineompletcly  divided,  the  undivided  fibres 

forming  the  antero-intcrnal  segment  of  the  nerve. 

When  tlic  median  nerve  is  divided  below  the  elbow,  i.e. 

below  the  point  at  which  the  muscles  to  the  forearm  are 

given  off,  then  the  only  muscles  paralysed  are  the  abductor 
and  opponens  pollicis  and  the  two  outer  lumbricales. 

It  is  necessary  to  emphasize  the  fact  that  beyond  flatten- 
ing-out  of  the  thenar  eminence,  so  that  the  thumb  falls 
back  to  the  plane  of  the  other  digits,  constituting  the 

monkey  hand  or  main  de  singe  (see  Fig.   109),  the  hand 

Fig.  103. — Paralysis  of  the  median  nerve.  The  dotted  area  is 

insensitive  to  cotton-wool  touches  ;  the  shaded  area  is  insensitive  to 
pin-pricks  and  cotton-wool  touches.  The  crosses  indicate  the  region 
insensitive  to  deep  pressure, 

when  at  rest  shows  comparatively  little  deformity.  Care- 
ful routine  examination  is  necessary  lest  the  lesion  be 

overlooked  (see  Fig.  102  a). 

Vasomotor,  Secretory  and  Trophic  Signs. 

These  arc  highly  characteristic  of  median  injuries, 

especially  of  incomplete  lesions  of  the  nerve.  The  skin 

and  nails  of  the  corresponding  area  of  the  hand  often 
show  striking  changes.     The  skin  of  the  palm  and  fingers, 
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especially  of  the  index,  becomes  flushed  and  even  cyanosed  ; 
sweat  secretion  may  be  lost  or  excessive,  and  the  nails 
become  longitudinally  or  transversely  striated  and  ab- 

normally curved  laterally. 

Incomplete  Lesions  of  the  Median  Nerve 

These  are  commoner  than  complete  lesions. 
The  symptoms  are  dependent  upon  the  level  of  the 

particular  injury,  the  extent  of  the  cross-section  involved, 
and  the  destination  of  the  nerve  bundles  which  have  been 
interrupted. 

By  electrical  examination  of  the  exposed  nerve  trunk 
in  the  upper  arm,  it  is  found  that  contraction  of  the 
thenar  muscles  is  effected  by  stimulation  in  the  posterior 
region  of  the  nerve  ;  of  the  pronator  muscles  by  stimula- 

tion in  the  antero-external  region,  and  of  the  fingers  and 
carpus  by  stimulation  either  of  the  internal  or  of  the 
external  border  of  the  nerve.  The  nerve-fibres  supplying 
the  flexors  of  the  fingers  predominate  in  the  postero- 

external region.  When  the  heads  of  the  median  are 
stimulated  above  their  point  of  junction  to  form  the 
median,  stimulation  of  the  outer  head  produces  contraction 
of  the  pronators,  and  stimulatioxi  of  the  inner  head  pro- 

duces contraction  of  the  flexors  of  the  fingers  and  carpus. 

Vasomotor  and  Trophic  Changes. 

Incomplete  lesions  of  this  nerve  are  often  accompanied 
by  excessive  sweating  of  the  median  territory  of  the  palm 
and  digits.  The  most  marked  trophic  change  occurs  in 
the  nails  of  the  thumb,  index,  and  middle  fingers.  These 
grow  much  faster  than  the  others,  are  bent  claw-hke,  and 
become  striated  both  longitudinally  and  transversely. 

Painful  Symptoms. 

Pain  is  frequently  associated  with  incomplete  lesions 
of  the  median  nerve.  The  pain  may  be  induced  by 
pressure  over  the  nerve,  either  at  the  site  of  the  lesion  or 
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distal  to  tliis,  or  by  pressure  on  the  muscles  themselves ; 

the  pains  may  be  spontaneous. 

Spontaneous  pains  arc  highly  characteristic  of  these 
injuries.  Sometimes  the  pain  is  so  intense  and  persistent 
that  this  symptom  dwarfs  all  the  others,  and  the  patient 
can  think  of  nothing  else. 

To  this  type  of  case  the  name  of  causalgia  was  given 

by  Weir  IMitchell.  Thermalgia,  as  suggested  by  Stopford, 
is  a  better  name. 

The  pains  tend  to  appear  ten  days  or  a  fortnight  after 
the  injury,  gradually  increasing  in  severity  week  by  week, 
until  they  reach  a  maximum.  This  condition  may  last 

for  months  ;  the  pain  then  gradually  begins  to  subside 

spontaneously,  and  ultimately  disappears.  These  median 

pains  are  localized  chiefly  in  the  finger-tips,  at  the  fold  of 
the  palm  with  the  index  and  middle  fingers,  and  at  the 
inner  side  of  the  thenar  eminence.  They  are  stabbing, 

crushing,  and  burning  in  character,  constantly  present,  with 
waves  of  exceptional  intensity,  keeping  the  patient  awake 

at  nights.  They  are  aggravated  by  heat,  and  somewhat 
allayed  by  cold  wet  applications  ;  they  may  be  intensified 
not  merely  by  touching  the  affected  hand,  but  also  by 
sudden  jarring  of  other  parts  of  the  body,  by  coughing 

or  sneezing,  or  even  by  emotion  of  any  sort.  These  pains 
are  also  induced  by  pressure  over  the  median  nerve  at 
any  part  of  its  course  below  the  level  of  the  injury. 

As  a  result  the  patient  becomes  nervous,  suspicious,  and 
morose  ;  he  shuns  the  society  of  his  fellows  ;  he  lives 

centred  round  his  pain  ;  his  whole  aim  is  to  shield  his 
limb  from  hurt,  to  assuage  the  constant  pain,  and  to 

prevent  the  paroxysms. 

Fig.  104  relates  to  an  officer  who  was  wounded  on  August  15, 
1917.  A  piece  of  shrapnel  entered  the  left  upper  arm  on  the 
inner  side,  4  inches  above  the  inner  condyle.  The  exit-wound 
was  on  the  outer  side  of  the  arm,  3|  inches  above  the  external 
condyle. 
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When  seen  on  September  29,  1917,  the  left  elbow  was  tonic- 
ally  slightly  flexed.  The  left  hand  was  slightly  warmer  than 
the  right. 

The  patient  states  that  ever  since  the  morning  after  the 
injury  he  has  had  pain  in  the  palm  of  the  hand  and  on  the 
dorsum  of  the  index  and  middle  fingers,  and  occasionally  in 

the  ring  finger.  He  describes  this  as  a  '  hot  pain,  like  tooth- 
ache, but  worse.'  He  also  has  occa- 
sional sudden  pains  in  the  interpha- 

langeal  joints  of  the  index  and  middle 
fingers  ;  these  pains  shoot  up  to  the 
shoulder.  The  hot  pain  is  sometimes 
relieved  by  change  of  posture.  The 
pain  is  worse  when  the  weather  is 
cold. 

To  cotton-wool  there  is  hyperses- 
thesia  on  the  palmar  surface  of  the 
index  and  middle  fingers.  There  is 
no  anaesthesia. 

To  pin-prick  there  is  hyperalgesia 
of  the  whole  palm,  and  of  the  palmar 
surface  of  the  index  and  middle 

fingers. 
There  is  keratosis  and  excessive  desquamation  of  the  palmar 

aspect  of  the  thumb  and  radial  side  of  the  index  finger. 
The  long  flexor  of  the  thumb  is  paralysed,  and  so  is  the 

flexor  of  the  index  finger.  All  the  other  muscles  of  the  arm 

and  forearm  are  normal,  including  the  thenar,  hypo-thcnar, 
and  interosseous  muscles. 

Fig.  104 — Incomplete 
lesion  of  the  median 

NERVE.  Dotted  area  in- 
dicates hyperaesthesia  to 

cotton-wool ;  shaded  area, 
plus  dotted  area,  indicate 

hj^eralgesia  to  pin-pricks. 

Combined  Paralysis  of  Median  and  Ulnar  Nerves 

Gunshot -wounds  of  the  upper  arm  and  forearm 
often  result  in  injury  to  both  the  median  and  the 

ulnar  nerves  (see  table,  p.  109).  The  axillary  or 

brachial  artery,  alongside  which  these  nerves  run  in 

the  upper  part  of  their  course,  is  often  injured  at  the 
same  time.  Symptoms  of  vascular  origin  may  thus  be 

superadded. 

12 / 
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Sensory  Symptoms. 

The  anaesthesia  is  that  of  the  conjoint  median  and  ulnar 

distribution.     This  varies  greatly.     (See  Figs.   105-108.) 

Fig.  105  is  that  of  a  soldier  wounded  in  the  middle  of  the 
flexor  aspcet  of  the  right  forearm  by  several  fragments  of  shell. 
At  the  operation  it  was  found  that  the  ulnar  nerve  was  com- 

pletely divided,  and  the  median  nerve  embedded  in  fibrous 
tissue. 

Fig.  105. — Combined  Pabalysis  of  median  and  ulnae  nekves.  The 

shaded  area  shows  the  loss  to  pin-prick  and  cotton- wool. 

Another  soldier  received  a  gunshot-wound  at  Ypres  in 
February  1915  ;  the  bullet  passc-d  through  the  right  humerus. 
Entrance-wound,  middle  of  posterior  surface  of  arm  4|  mches 
above  the  olecranon  ;  exit,  inner  side  of  arm  about  its  middle. 

When  seen  in  July  1915  the  exit-wound  was  still  suppurating. 
The  anaesthetic  areas  are  shown  in  Fig.  106. 

The  wrist  could  be  extended,  but  not  flexed,  supination  was 
powerful,  pronation  nearly  absent.  The  fingers  could  be 

extended,  but  only  partially  flexed — the  ring  and  little  fingers 
could  be  flexed  more  than  the  others  ;    the  thenar  and  hypo- 



MEDIAN   AND   ULNAR  NERVES 179 

thenar  muscles  were  markedly  wasted ;   the  thumb  could  not 
be  adducted,  abducted,  nor  opposed. 

The  anterior  sinus  was  scraped,  several  pieces  of  bone  were 
removed  from   a  cavity  in  the  humerus  and  the  wound  sewn 

Fig.  106. — CoMBi>rED  Paralysis  of  median,  ulnar,  and  internal 
CUTANEOUS  NERVES.  A  soldier  shot  through  the  lower  third  of  right 

humerus  ;  at  the  operation  the  raedian  was  found  completely  divided,  and 
the  ulnar  and  internal  cutaneous  embedded  in  dense  fibrous  tissue.  Note 

the  small  protopathic  loss.  The  shaded  area  indicates  protopathic  and 
epicritic  loss,  the  dotted  area  epicritic  loss  only. 

up.  A  month  later  the  wound  was  opened  up,  and  in  a  hole 
in  the  humerus  were  found  the  obliterated  brachial  artery,  the 
two  ends  of  the  median  nerve,  and  the  ulnar  and  internal 
cutaneous  nerves  embedded  in  a  dense  mass  of  fibrous  tissue. 

(Sec  Fig.  61.) 
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Motor  Symptoms. 

The  hand  is  shghtly  hyper-extended  at  the  wrist  and 
deviated  towards  the  radial  side  j    the  thumb  lias  rotated 

Fig.  107. — Combined  paralysis  of  the  median  and  ulnar  nerves. 
The  median  was  completely  divided  ;   the  ulnar  severely  compressed. 

Fio.  108. — Combined  paralysis  of  the  median  and  ulnar  nerves. 
Both  nerves  were  compressed  ;  their  deep  surfaces  were  continuous  with 
a  mass  of  scar  tissue. 

outwards  and  fallen  back  into  the  same  plane  as  the  other 
digits.  These  latter  are  kept  slightly  separated  ;  they 

are   hyper-extended  at   the    metacarpo-phalangeal  joints, 
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and  loosely  semi-flexed  at  their  two  terminal  joints  (Figs. 
109  to  111). 

There  is  paralysis  of  all  the  muscles  supplied  by  both 
nerves.  There  is  no  power  of  flexion  of  the  wrist  or  fingers, 
and  the  power  of  pronation  is  lost.  All  the  thenar  and 

hypothenar  muscles  are  paralysed,  together  with  the 
interossei  and  lumbricales.  When  the  patient  tries  to 

clench  his  fist,  the  hyper-extension  and  deviation  of  the 

Fig.  109. — Combined  pabalysis  of  the  median  and  ulnar  nerves. 
Note  the  marked  wasting  of  the  palmar  muscles,  and  the  altered  position 

of  the  thumb — it  has  fallen  back  into  the  same  plane  as  the  other  fingers 
(main  de  singe). 

wrist  towards  the  radial  side  becomes  increased  by  the 

action  of  the  non- paralysed  antagonists.  (See  Fig.  86.) 
Then,  if  the  patient  suddenly  lets  go,  the  hand  passively 

relaxes  with  a  pseudo-flexion  movement.  If  hyper-exten- 
sion of  the  wrist  and  fingers  be  prevented  it  is  easily 

verified  that  active  flexion  is  impossible. 

The  wasting  of  the  palm  is  very  marked  (Fig.  109). 
All  power  of  abducting  and  adducting  the  fingers  is 

lost  (Fig.  110). 
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The  patient 
can  no  longer 
abduct,  adduct, 

or  oppose  his 
thumb  (Figs. 

110  a  and  111). 

Incomplete  Com- 
bined Lesions  of 

Median  and  Ulnar 
Nerves. 

It    is    readily- 
understood  how 

a     partial     or 
complete   lesion 
of  the  one  nerve 

may    be     com- 
bined    with     a 

partial  or  com- 
plete   lesion    of 

the       other, 

thereby      pro- 

ducing      syn- 
dromes   of   dif- 

ferent varieties, 

according     to 

the      particular 
nerve-bundles 

damaged    in 

the      respective 
nerve-trunks. 

A  common 

variety  is  where 

The  patient  is  vainly  attempting  to  abduct  his  right  thumb. 
Compare  position  of  thvunb  with  that  of  a  normal  abducted  thumb below. 

Fig.  Ill, — CoMBrs-ED  eight  median  and  ulnar 
PARALYSIS. 
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the  flexors  of  the  wrist  escape  whilst  all  the  other 

long  flexors,  together  with  the  intrinsic  hand  muscles, 

are  paralysed. 
In  another  variety,  the  intrinsic  muscles  of  the  hand  are 

completely  paralysed  (as  is  almost  always  the  case)  together 
with  the  flexor  profundus,  whilst  the  flexor  sublimis 

escapes,  so  that  the  proximal  interphalangeal  joints  can 
be  voluntarily  flexed.  Or  the  long  flexor  of  the  thumb 
may  survive  by  itself.  The  area  of  ansesthesia  is  also 

subject  to  variations,  according  to  the  extent  to  which 
the  sensory  fibres  have  been  damaged. 

Cases  of  partial  combined  lesions  often  develop  adhesions 

in  the  paralysed  joints  and  tendon-sheaths,  rendering  the 
fingers  stiff,  even  on  passive  movement.  Such  adhesions 
should  be  foreseen  and  guarded  against  by  suitable 
massage  and  passive  movements. 

Where  the  brachial  or  axillary  artery  has  been  damaged 
at  the  same  time  as  the  median  and  ulnar  trunks,  the  hand 

becomes  swollen  and  slightly  oedematous,  with  increased 

liability  to  trophic  ulcers  of  the  fingers. 

THE    MUSCULO-SPIRAL    NERVE 

The  musculo-spiral  nerve  is  one  of  the  most  commonly 
injured  nerves.  Owing  to  its  intimate  relationship  to  the 
humerus,  it  is  often  injured  in  fractures  of  that  bone. 

Anatomy. — -The  musculo-spiral  nerve  is  the  main  continua- 
tion into  the  upper  arm  of  the  posterior  cord  of  the  brachial 

plexus.  It  derives  its  fibres  from  the  6th,  7th,  and  8th  cervical 
nerves,  and  occasionally  from  the  5th  cervical  and  1st  dorsal 
nerves. 

In  the  axilla  it  lies  behind  the  axillary  artery,  and  in  the 
upper  third  of  the  arm,  behind  the  brachial  artery  and  the 
median  nerve,  resting  upon  the  long  head  of  the  triceps. 

In  the  middle  third  of  the  arm  it  winds  round  the  back  of 

the   humerus  accompanied    by  the  superior  profunda   artery, 
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lying  in  the  spiral  groove,  between  the  inner  and  outer  heads 
of  the  triceps. 

In  the  lower  third  of  the  arm  the  nerve  lies  on  the  outer  side 

of  the  limb.  It  pierces  the  external  inter-muscular  septum 
at  the  junction  of  the  upper  and  middle  thirds  of  a  line  extend- 

ing from  the  insertion  of  the  deltoid  to  the  external  condyle, 
and  then  passes  downwards  to  the  front  of  the  external 
condyle,  lying  between  the  supinator  longus  and  the  brachial  is 
anticus. 

Branches  of  the  Musculo-spiral. 

In  the  axilla,  before  passing  to  the  back  of  the  humerus, 

it  gives  off  an  internal  cutaneous  nerve,  which  supplies  the 

upper  third  of  the  internal  surface  of  the  arm.  It  also 

supplies  muscular  branches  to  the  long  and  to  the  inner 
head  of  the  triceps. 

Whilst  in  the  spiral  groove,  muscular  branches  are  given 
to  the  three  heads  of  the  triceps  ;  the  branch  to  the  inner 
head  of  the  triceps  runs  downwards  in  the  substance  of  the 

muscle,  then  passes  behind  the  external  condyle  of  the 

humerus  to  supply  the  anconeus  muscle.  This  branch 

furnishes  articular  twigs  to  the  elbow-joint.  Before  the 

musculo-spiral  nerve  pierces  the  inter-muscular  septum, 
two  cutaneous  branches  are  given  off ;  the  superior  supplies 

the  skin  over  the  postero-external  surface  of  the  arm  in 
its  lower  third,  and  the  inferior  supplies  a  strip  on  the 

dorsum  of  the  forearm  lying  between  the  areas  supplied 

by  the  musculo-cutaneous  and  the  internal  cutaneous 
nerves.    (See  Fig.  74.) 

The  musculo-spiral  nerve,  where  it  lies  in  the  space 
between  the  supinator  longus  and  the  brachialis  anticus, 
gives  off  branches  to  the  supinator  longus,  the  extensor 
carpi  radialis  longior,  and  the  brachialis  anticus. 

At  the  bend  of  the  elbow,  under  cover  of  the  supinator 

longus,  the  nerve  divides  into  its  terminal  branches — the 
radial  and  posterior  interosseous  nerves. 

The  radial  nerve  is   entirely  sensory.     It   courses   down 
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the  forearm  under  cover  of  the  supinator  longus,  and  in 
the  lower  third  of  the  forearm  passes  backwards  under  the 

tendon  of  the  supinator  longus,  and  supplies  the  skin  on 
the  dorsum  of  the  hand  and  thumb,  and  on  the  proximal 

phalanges  of  the  index  and  middle  fingers,  and  of  the  ring 
finger  on  its  radial  side.  The  sensory  distribution  is 
variable.    (See  Figs.  114  to  116.) 

The  posterior  interosseous  nerve  is  entirely  muscular  and 
articular  in  its  distribution.  It  passes  backwards  on  the 
outer  side  of  the  neck  of  the  radius,  piercing  the  supinator 
brevis  muscle.  It  runs  down  the  back  of  the  forearm 

between  the  superficial  and  the  deep  muscles.  At  the 
middle  of  the  forearm  it  passes  deep  to  the  extensor  longus 

pollicis,  reaching  the  interosseous  membrane,  on  which  it 
runs  to  the  level  of  the  wrist  joint. 

Before  piercing  the  supinator  brevis,  the  nerve  supplies 
muscular  branches  to  the  extensor  carpi  radialis  brevior 

and  the  supinator  brevis.  After  emerging  from  this 

muscle  it  gives  off  a  large  bundle  of  nerves  which  supply 
the  extensor  communis  digitorum,  extensor  minimi  digiti, 

and  extensor  carpi  ulnaris  near  their  origin.  Lower 
down  the  forearm,  branches  are  supplied  to  the  extensor 

ossis  metacarpi  pollicis,  extensor  longus  and  extensor 

brevis  pollicis,  and  the  extensor  indicis. 

The  antero-internal  part  of  the  musculo-spiral  trunk  in 

the  upper  arm  contains  the  motor-fibres  for  the  extensors 
of  the  wrist ;  those  for  the  finger-extensors  are  collected 

mainly  postero-internally  whilst  the  fibres  for  the  supinator 
muscles  are  situated  externally. 

The  commonest  site  of  injury  is  in  the  lower  third  of  the 

arm,  as  a  complication  of  fracture  of  the  humerus.  The 

nerve  may  also  be  injured  in  the  upper  part  of  the  arm, 

from  the  pressure  of  a  crutch,  or  by  compression  of  the 
nerve  between  the  hanging  arm  and  the  back  of  a  chair, 

or  by  the  edge  of  an  operating  table.  (See  compression, 

p.  34.) 
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The  posterior  interosseous  nerve  is  occasionally  injured 
in  dislocations  of  the  head  of  the  radius  and  in  fractures 

of  its  upper  end. 

In  projectile  wounds  the  musculo-spiral  nerve  may  be 
injured  in  any  part  of  its  course. 

Motor  Symptoms. 

Injury  to  the  musculo-spiral  is  evidenced  by  paralysis 
of  the  muscles  supplied  by  it.  As  a  rule,  the  nerve  is 
injured  after  its  branches  have  been  supplied  to  the  triceps 
muscle,  so  that  power  to  extend  the  arm  is  preserved,  but 
there  is  paralysis  of  the  supinator  longus  and  brevis,  and 
of  the  extensors  of  the  wrist,  fingers,  and  thumb.  The 

supinator  longus  no  longer  stands  out  on  forceful  flexion 

of  the  elbow.  The  supinator-jerk  is  abolished.  Although 
the  supinator  brevis  is  paralysed,  powerful  supination  can 

be  effected  by  the  biceps  when  the  forearm  is  bent ; 

when  the  forearm  is  extended,  pseudo-supination  can  be 
performed  by  the  external  rotators  of  the  shoulder.  The 
attitude  assumed  by  the  limb  is  characteristic.  The 

forearm  is  constantly  pronated,  and  if  it  be  passively 

supinated,  it  at  once  returns  to  the  former  pronated  posi- 
tion, as  if  pulled  by  a  spring.  The  hand  is  in  a  condition 

of  '  drop-wrist ' ;  the  wrist,  fingers,  and  thumb  cannot  be 
voluntarily  extended,  and  the  fingers  are  constantly  semi- 

flexed at  the  interphalangeal  joints  by  the  unopposed 
long  flexors  (Figs.  112  and  113).  No  voluntary  extension 

of  the  fingers  at  the  metacarpo-phalangeal  joints  can  take 
place.  On  making  a  forceful  effort  to  extend  the  fingers, 

the  wrist  becomes  flexed  by  the  flexors  of  the  wrist,  and 
extension  occurs  at  the  interphalangeal  joints  with  flexion 

at  the  metacarpo-phalangeal  joints,  on  account  of  the 
unopposed  action  of  the  interossei  and  lumbricales. 

If  the  nerve  is  severed  high  up,  there  may  also  be  paraly- 
sis of  the  triceps  with  inability  to  extend  the  elbow.  This 

is  often  overlooked,  inasmuch  as  the  elbow  is  passively 

extended  by  the  weight  of  the  forearm  ;  but  if  we  passively 
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raise  the  arm  at  the  shoulder,  leaving  the  elbow  bent,  the 

patient  eannot  voluntarily  extend  the  forearm.  The  tri- 

ceps-jerk becomes  lost. 

Fig.  112  is  that  of  a  soldier  who  was  Avounded  by  a  rifle-bullet 
in  the  left  upper  arm,  fracturing  the  humerus.  The  entry-wound 
was  through  the  middle  of  the  left  biceps,  -1  inches  above  the 
elbow.     The  exit-wound,  seen  in  the  figure,  was  slightly  to  the 

Fig.  112. — Paralysis  of  left  musculo-spiral  nerve  from  gitxshot- 

wouND  THROUGH  MIDDLE  OF  UPPER  ARM.     The  left  hand  shows  wrist-drop. 

outer  side  of  the  middle  of  the  triceps  at  the  same  level.  When 

examined,  five  weeks  later,  there  was  loss  of  sensation  to  pin- 
pricks and  diminution  to  light  touches,  in  the  radial  distribution 

of  the  back  of  the  hand  and  fingers.  To  faradism  there  was 
loss  of  reaction  in  the  supinator  longus  and  in  the  extensors  of 
the  wrist,  fingers,  and  thumb,  all  of  which  were  paralysed.  The 
triceps,  innervated  above  the  level  of  the  lesion,  was  normal. 

Musculo-spiral  Paralysis  from  Compression. 

Fig.  113  is  that  of  a  soldier  who  received  a  bullet- wound 
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through  the  triceps  muscle  at  the  level  of  the  deltoid  in- 
sertion. 

The  extensors  of  the  wrist,  fingers,  and  thumb  did  not 
react  to  faradism,  but  did  to  galvanism  KCC  >  ACC,  and  to 
the  condenser  (3  microfarads). 

At  the  operation  the  nerve  was  found  flattened  out  by  the 
fibrosed  triceps  ;  there  was  no  solution  of  continuity  of  the 

nerve  and  no  '  hardening  '  in  the  nerve  itself. 

Fig.  113. — Paralysis  of  the  musculo-spiral  nerve.  Note  the  flexion 
of  the  fingers.     The  nerve  was  compressed  by  the  fibrosed  triceps  muscle. 

Three  weeks  after  the  operation  the  patient  could  feebly 
extend  his  fingers  and  thumb. 

In  a  case  of  musculo-spiral  paralysis  which  recovers,  the 

fu'st  muscles  to  regain  voluntary  power  are  the  extensors 
of  the  wrist,  then  the  extensor  communis  digitorum  and 
extensor  indicis,  whilst  the  long  extensors  of  the  thumb, 

together  with  the  supinator  longus,  recover  distinctly  later. 
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Sensory  Symptoms. 

Lesions  of  the  musculo-spiral  nerve  in  the  lower  third 
of  the  arm,  are  rarely  accompanied  by  anaesthesia. 

A  lesion  above  the  origin  of  the  external  cutaneous 

branches,  is  associated  with  loss  of  sensation  over  the 

dorsum  of  the  hand  and  thumb  and  over  part  of  the 

proximal  phalanges  of  the  two  and  a-half  radial  fingers 

(Fig.  114).  Joint-sense  in  the  fingers  is  unaffected  (con- 
trast median  and  ulnar  palsies)  ;  occasionally  there  is  loss 

of  sensation  on  the  dorsum  of  the  forearm  on  its  radial 

side  (Fig.  115). 

A  soldier  received  a  bullet-wound    at  Ypres   in  October. 
He  was  rising  from  the  prone 

position,  and  the  bullet  entered  1 
inch  above  the  insertion  of  the 

right  deltoid.  The  exit  was  2 

inches  lower,  through  the  middle 

of  the  triceps.  His  wrist  dropped 
at  once. 

Examination  in  December  1914. 

No  loss  of  sensation  to  cotton-wool 

touches ;  to  pin-pricks  blunting  on 
the  dorsum  of  the  hand,  including 

3^  radial  digits  as  far  as  the  middle 
of  the  proximal  phalanges  (Fig.  114). 
Joint-sense  and  vibration-sense  in 

THE  MUSCULO-SPIRAL  NERVE  all  tlic  fiugers  nomial.  Movements 
ABOVE  THE  POINT  OF  ORIGIN  ^f  elbow  powerful,  both  flexion  and 
OF  ITS  EXTERNAL  CUTANEOUS     .     •     u  i-  tl      ,^-,.«4-^«  l^,^/i.„o 

„     .        .  ,    ,u        extension,  but  the  supinator  longus 
BRANCHES.  To  pin-pncks  there  i      •  n      • 

was  blunting  over  the  shaded  does  not  contract  during  flexion 
area.  There  was  no  epicritic  of  elbow.  Pronation  and  supination 

loss  (compare  Fig.  116).  normal.     Total  paralysis  of  the  ex- 

tensors of  wrist  and  fingers.  Intrinsic,  muscles  of  hand  normal. 
To  faradism  feeble  reaction  in  triceps ;  no  reaction  in  supinator 

longus  or  extensors  of  wrist  and  fingers.  To  galvanism  all 
muscles  react,  KCC  >  ACC. 

February  1915.  Patient  has  been  treated  on  a  dorsi-flexion 
splint  and  has  had  regular  massage  and  electrical  treatment. 

Fig.    114. — Sensory     loss 
accompanying    a    lesion   of 

\ 
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The  area  of  loss  of  sensation  to  pin-pricks  has  diminished,  the 
distal  part  only  remaining,  corresponding  to  the  dorsum  of  the 
fingers.  Supinator  longus  contracts  feebly ;  extensors  of 
wrist  fair  ;   extensors  of  fingers  and  thumb  still  paralysed. 

April  1915.     Pin-pricks  as  in  February.     Supinator  longus 

powerful,  extensors  of  wrist  good;    exten- 
sors   of  fingers    and  thumb   now   contract 

fairly  well. 
From  the  rapidity  of  recovery,  as  also 

from  the  reaction  to  galvanism,  it  is  likely 
that  here  we  are  dealing  with  a  severe 

contusion  of  the  musculo-spiral  nerve. 

In  October  1914  a  German  soldier  was 

wounded  by  a  rifle-bullet.  His  left  elbow 
was  flexed  at  the  moment,  supporting  his 
rifle.  The  bullet  entered  through  the  first 
interosseous  space,  and  passed  out  in  front 
close  to  the  radial  styloid  process ;  it  then 

re-entered  the  upper  arm  2  inches  above 
the  elbow  to  the  inner  side  of  the  biceps, 
and  made  its  second  exit  through  the 
posterior  surface  of  the  arm.  The  left 

humerus  was  fractured  and  badly  com- 
minuted. 

At  an  operation  for  plating  the  humerus 

in  December  1914  the  musculo-spiral  nerve 
was  accidentally  divided  and  immediately 
sutured. 

When  seen  by  us  in  January  1915  there 

was  blunting  to  cotton-wool  and  pin-pricks 
along  the  outer  side  of  forearm  and  in  the 
radial  distribution  of  the  hand,  i.e.  thumb 

and  two-and-a-half  radial  fingers  (Fig.  115). 
There  was  total  paralysis  of  the  supinator 
longus  and  of  the  extensors  of  the  wrist,  area, 
fingers  and  thumb. 

April  1915.  Motor  phenomena  as  before.  Anaesthesia  re- 

covered, except  on  the  dorsum  of  the  thumb  and  adjacent  part 
of  the  hand. 

Fig,  115.  —Mus- 
culo-spiral PARA- 

LYSIS, with  blunting 

of  sensation  to  pin- 

pricks and  cotton- 
wool over  the  shaded 
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POSTERIOR    INTEROSSEOUS    NERVE 

Isolated  injury  of  this  nerve  is  uncommon. 

A  soldier,  running  forward  and  stooping,  was  hit  by  a  rifle- 
bullet  at  a  range  of  about  500  yards,  from  the  right  flank. 

The  entrance  was  2  inches  below  the  external  condyle  of 
the  right  humerus  ;  the  exit  was  in  the  middle  line  of  the 
forearm  in  front,  2  inches  below  the  bend  of  the  elbow.  A 
radiogram  showed  severe  shattering  of  the  head  and  tuberosity 
of  the  radius. 

When  seen  two  months  later  there  was  no  sensory  loss, 
protopathic  or  epicritic,  in  the  forearm  or  hand. 

Joint-sense  was  normal ;  there  was  doubtful  diminution  of 
vibration-sense  in  the  right  thumb  only.  He  could  flex  and 
extend  the  elbow ;  could  flex  wrist,  fingers,  and  thumb.  He 
could  not  extend  the  wrist,  fingers,  or  thumb,  and  there  was 
no  response  to  faradism  in  the  paralysed  muscles. 

THE    RADIAL    NERVE 

A  lesion  of  the  radial  nerve  in  the  upper  part  of  the 

forearm  is  not  usually  accompanied  by  anaesthesia  ;  if, 
however,  it  be  wounded  lower  down,  after  it  has  been 

joined  by  branches  from  the  external  cutaneous  branch  of 

the  musculo-spiral,  there  is  anaesthesia  on  the  back  of 
the  wrist,  the  proximal  phalanges  of  the  fingers,  and  the 
dorsum  of  the  thumb.  Tlie  anastomosis  of  these  nerves 

usually  takes  place  in  the  lower  third  of  the  forearm,  but 
it  may  occur  at  a  higher  level  (Fig.   116). 

Fig.  116  is  that  of  a  soldier  with  a  rifle-bullet  wound  through 
the  upper  third  of  the  left  forearm.  The  entrance  was  on  the 
radial  border  of  the  forearm,  the  exit  in  the  middle  line  in 
front.  The  exit-wound  formed  a  large  indurated  scar  closely 
adherent  to  the  underlying  flexor  muscles.  There  was  no 
motor  paralysis. 
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Entrance- 

Exib 

Fig.  116. — Paralysis  of  the  radial  nerve,  due  to  a  bullet-wound  of 

the  upper  third  of  the  left  forearm.  The  shaded  area  is  anaesthetic  to  pin- 
pricks and  cotton- wool. 

THE   MUSCULOCUTANEOUS   NERVE 

Anatomy. — Arising  from  the  outer  cord  of  the  brachial  plexus, 
the  musculo-cutaneous  nerve  perforates  the  coraco-brachialis 
muscle  and  then  courses  down  the  arm,  between  the  biceps 
and  the  brachialis  anticus,  to  the  elbow.  Here  it  emerges  at 
the  outer  side  of  the  biceps  tendon,  pierces  the  deep  fascia  and 
becomes  subcutaneous.  It  is  then  distributed  as  a  cutaneous 

sensory  nerve  to  a  large  area  on  the  antero-external  aspect  of 
the  forearm  as  far  as  the  wrist.  In  its  course  through  the  upper 

arm  it  supplies  motor  fibres  to  the  coraco-brachialis,  biceps, 
and  brachialis  anticus.  There  is  often  an  anastomotic  branch 

13 
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connecting  the  musculo-cutancous  nerve  with  the  median  in 
the  upper  arm. 

The  musculo-cutaneous  nerve  is  rarely  injured  by  itself. 
More  commonly  its  paralysis  is  combined  with  lesions  of 

the  outer  head  of  the  median,  as  will  be  readily  under- 
stood. 

When  the  musculo-cutaneous  nerve  is  paralysed,  we 

find,  in  addition  to  anaesthesia  of  the  corresponding  cu- 

taneous territory,  paralysis  and  wasting  of  the  coraco- 
brachialis,  biceps  and  brachialis  antieus,  wdth  feebleness 

of  flexion  of  the  elbow-joint.  But  flexion  is  not  com- 
pletely lost,  since  the  supinator  longus  (innervated  by 

the  musculo-spiral)  can  still  flex  the  elbows  Nor  is  supi- 
nation lost  either,  for  in  spite  of  the  loss  of  the  biceps, 

the  other  supinators  are  still  effective.  The  condition, 
therefore,  is  liable  to  be  overlooked. 

The  following  is  an  illustrative  example  of  musculo- 

cutaneous palsy  : — 

A  soldier  sustained  a  bullet-wound  which  entered  through 
the  right  third  rib  anteriorly,  3|  inches  from  the  mid-sternal 
line.  Its  exit  was  through  the  back  of  the  right  arm,  2|  inches 
above  the  level  of  the  insertion  of  the  deltoid.  Immediately 
on  being  hit,  he  had  a  subjective  numb  sensation  in  the  limb, 
from  the  wrist  up  to  the  deltoid  insertion,  which  still  persisted 
when  he  came  under  examination  six  weeks  later.  Ever  since 

the  injury,  he  had  noticed  a  difficulty  in  lifting  heavy  objects 
with   the   right   upper  limb. 
When  examined  he  had  anaesthesia  of  the  flexor  aspect  of 

the  right  forearm  and  partly  of  the  upper  arm.  (See  Fig.  117.) 
Flexion  of  the  elbow  was  powerful,  but  executed  entirely  by 
the  supinator  longus.  The  biceps  and  brachialis  antieus 
remained  flaccid.  The  front  of  the  arm  was  wasted,  measuring 
1  cm.  less  than  on  the  left  side.  Pronation  and  supination 
were  good,  also  all  movements  of  the  wrist  and  fingers. 

To  faradism  there  was  no  reaction  in  the  right  biceps.  To 
galvanism,  this  muscle  reacted  sluggishly,  ACC  being  greater 
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than    KCC.     Faradic    reaction    in    the    coraco-brachialis    was 
feeble,  but  there  were  no  polar  changes  to  galvanism. 

At  an  exploratory  operation,  2|  months  after  the  original 
wound,  the  musculo-cutaneous  nerve,  at  the  point  where  it 
penetrated  the  coraco-brachialis,  was  found  embedded  in 
scar-tissue.    The  nerve  was  completely  severed,  and  its  proximal 

Fig.  117. — Paralysis  of  musculo- cutaneous  nerve. 

end  terminated  in  a  bulbous  swelling.  This  false  neuroma 
was  removed,  and  the  distal  segment  was  identified,  refreshed, 
and  sutured  to  the  proximal  segment. 

THORACIC  NERVES 

The  intercostal  nerves  are  occasionally  injured,  either 

by  extensive  shell-wounds  of  the  thoracic  wall  or  by 

penetrating  bullet-wounds  of  the  thorax. 

Figs.  118  a  and  b  are  those  of  an  officer  wounded  by  a  rifle- 
bullet  at  two  yards  range. 
The  entrance-wound  is  at  the  inferior  angle  of  the  right 

scapula  ;  the  exit  is  in  the  mid-axillary  line,  near  the  apex  of 
the  right  axilla. 
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Right  htcmothorax  supervened.  In  addition  there  was  a  zone 

of  analgesia  to  pin-pricks  in  the  cutaneous  area  of  the  7th  dorsal 

segment  on  the  lateral  and  anterior  wall  of  the  thorax. 

A  B 

Figs.  118  a  and  b. — P analysis  of  the  seventh  eight  intercostal 

NERVE  AND  RIGHT  LONG  SUBSCAPULAR  NERVE.  The  buUet  entered  at  the 

inferior  angle  of  the  right  scapula  ;  the  exit  was  near  the  apex  of  the  right 

axilla.  The  shaded  area  is  that  anesthetic  to  pin-prick.  The  right 

latissimus  dorsi  was  paralysed. 

The  right  latissimus  dorsi  did  not  contract  voluntarily  nor 

on  coughing,  showing  that  in  the  passage  of  the  bullet  through 
the  axilla  the  long  subscapular  nerve  had  been  damaged. 



CHAPTER    XI 

THE  CAUDA  EQUINA 

The  term  '  cauda  equina  '  is  given  to  the  collection  of 
nerve  roots  which  occupies  the  spinal  canal  below  the  1st 
lumbar  vertebra,  including  all  the  lumbar,  sacral,  and 

coccygeal  nerve  roots.     (See  Fig.  124,  p.  206.) 
According  to  the  roots  affected,  anterior  or  posterior, 

we  have  motor  or  sensory  symptoms,  in  each  case  distri- 
buted in  root  fashion.  When  the  whole  cauda  equina  is 

affected,  there  is  paralysis  of  all  the  muscles  of  the  lower 

limbs,  accompanied  by  total  anaesthesia,  extending  up- 

wards to  Poupart's  ligament  in  front,  and  to  the  upper 
part  of  the  buttocks  behind ;  the  anaesthesia  includes  the 
genitals,  and  there  is  loss  of  control  of  the  bladder  and 
rectum. 

As  will  be  seen  from  the  diagrams  (Fig.  119),  the  sensory  areas 
over  the  anterior,  inner,  and  outer  surfaces  of  the  lower 
limb  are  supplied  by  the  lumbar  roots.  The  1st  lumbar  root 

supplies  the  neighbourhood  of  Poupart's  ligament  and  the 
iliac  crest ;  the  2nd  supplies  the  upper  part  of  the  thigh  and 
the  buttock ;  the  3rd  supplies  the  lower  part  of  the  thigh ; 
the  4th  supplies  the  knee  and  the  inner  surface  of  the  leg; 
and  the  5th  supplies  the  outer  surface  of  the  leg  and  the 
dorsum  of  the  foot. 

The  posterior  aspect  of  the  limb  is  supplied  by  the  sacral 
roots  :  the  1st  supplies  the  sole  of  the  foot  and  the  calf ;  the 
2nd  supplies  the  popliteal  surface,  the  back  of  the  thigh,  and 
the  lower  edge  of  the  buttock  ;  the  3rd,  4th,  and  5th  sacral 
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roots  supply  the  perineum;   and  the  coccygeal   root  supplies 
the  skin  over  the  tip  of  the  coccyx. 

Motor  Distribution  of  the  Cauda  Equina. 

With  regard  to  the  motor  distribution  of  the  cauda  equina, 
it  is  fairly  accurate  to  say  that  the  muscles  lying  in  an  area  of 

Fig.  119. — The  cutaneous  distbibu*tion  of  the  cauda  equina. 

which  the  cutaneous  supply  is  a  given  posterior  root,  will 
receive  their  motor  supply  from  a  corresponding  anterior  root. 
This  is  shown  in  tabular  form  thus  : 
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l3t  and  2nd  lumbar 

3rd  and  4th  lumbar 

5th  lumbar 

1st  sacral 
2nd  sacral 

3rd,  4th,  5th  sacral  \ 
and  coccygeal  j 

Cacda  Equika 

Sensory  distribution. 
Groin,     upper     part     of 

thigh,  and  buttock 
Anterior,  inner  and  outer 

surfaces  of  thigh,  the 
knee,   and  inner  side of  leg 

Antero-extemal    surface 
of  leg  and  dorsum  of 
foot 

Sole  of  foot  and  calf 

Popliteal     space,      pos- 
terior surface  of  thigh 

and     lower     edge     of 
buttock 

Perineum    and    genitals 

Motor  distribution. 

Psoas,  illacus,  and  pec- 
tin eus 

Quadriceps       extensor 
cruris,  adductors,  and 
tibialis  anticus 

Extensors  of  toes  and 

peronei 
Muscles  of  sole  and  calf 
Hamstrings  and  glutei 

Levator  ani  and  peri- 
neal muscles 

Symptoms. 

If  the  lesion  includes  the  whole  cauda  equina  there  is 

total  paralysis  of  the  lower  limbs,  with  total  anaesthesia 

extending  upwards  to  just  above  Poupart's  ligament  in 
front  and  to  the  upper  part  of  the  sacrum  behind  ;  there 
is  also  anaesthesia  of  the  genitals,  and  loss  of  control  of 
the  bladder  and  rectum. 

If  the  lesion  be  belon  the  3rd  lumbar  root  the  quadriceps 

extensor  muscles  escape,  and  the  knee-jerks  are  preserved  ; 
the  hamstrings  and  all  the  muscles  below  the  knees  are 

paralysed,  and  the  ankle-jerks  are  lost. 
When  the  lesion  is  helow  the  2nd  sacral  root  there  is 

no  paralysis  of  the  lower  limbs,  and  all  the  reflexes  of 
the  legs  are  normal,  but  the  area  of  aneesthesia  is  very 

characteristic,  there  being  a  '  saddle-shaped  '  area  of 
anaesthesia  on  buttocks,  perineum,  scrotum,  and  penis  ; 
the  anal  reflexes  are  lost,  and  there  is  loss  of  control  of  the 
bladder  and  rectum. 

A  lesion  heloic  the  3rd  sacral  root  leaves  the  sphincter 
ani  unaffected,  and  the  only  signs  of  nerve  lesion  are 

paralysis  of  the  levator  ani.  and  anaesthesia  of  the  anus 
and  its  immediate  neighbourhood. 

Lesions  of  the  cauda  equina  are  divided  into  upper  and 
lower  lesions.     The  following  are  examples  : 
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Dorsalii  _  I 

Penis      ""        )\ 

in^iir 

JbtJrotor 

Internal      \ 

Cubaneous  ~ 

Ihtei'na.l 
Saphenous 

-  |lio-hypoqp.stric   

i / 
-\- 

  Posterior 

Sacral 

Posterior      A 
Lumbar      / \ r\ 

Cenito. 
Crt(ra.l Y 

~<\ 

  PerForating 

Cutaneous' 

  /--External  Cutaneous- 

Middle  Small 

"Cutaneous  Sciatic" 

Peroneal  ■ 

External    5 

ophen 
Musculo- 

cutaneous 

Anterior  Tibial 

External 
Plantar 

Internal 

So-phenoui 

Calccneo- Plantar 

Internal 

Plantar 

•  Planbars 

Fig.  120. — Cutaneous  peripheral  sensory  supply  of  lower  limb. 

Upper  Cauda  Lesion. 

An  officer  taking  part  in  an  attack,  consisting  of  spurts 
of  running  alternating  with  taking  shelter,  was  lying  down 
after  one  of  these  rushes  when  he  was  shot  in  the  trunk ;  the 
entrance  was  just  below  and  outside  the  angle  of  the  right 
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scapula,  and  the  bullet  lodged  in  the  left  hip-joint.  When 
shot  he  felt  as  if  his  feet  were  curling  up  and  then  fell  slack. 
At  once  he  noticed  loss  of  power  in  the  right  lower  limb.  When 
examined  eleven  days  later,  the  right  leg  was  still  powerless ; 
the  left  leg  felt  dead,  but  could  be  moved  ;  there  was  no 
sphincter  trouble. 

Sensory  loss.     Total  anaesthesia  and  analgesia  of  the  right 

Fig.  121. — Upper  cauda  lesion.  In  the  right  Uixib  all  forms  of  cutaneous 
sensation  were  lost,  from  the  2nd  lumbar  to  the  1st  sacral  area  inclusive. 
In  the  left  limb  there  was  moderate  diminution  in  the  5th  lumbar  and  Ist 
sacral  areas. 

lower  limb  from  the  2nd  lumbar  to  the.  1st  sacral  area  in- 
clusive ;  all  forms  of  cutaneous  sensation  being  lost — touch, 

pain,  and  temperature  (Fig.  121).  In  the  left  lower  limb  there 
was  moderate  diminution  of  all  forms  of  sensation  in  the  dis- 
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tribution  of  the  5th  lumbar  and  1st  sacral  areas.  Joint-sense 
was  lost  in  all  the  joints  of  the  right  lower  limb  from  the  hip 

downwards  ;  in  the  left  limb  joint-sense  was  lost  in  the  toes  ; 
elsewhere  it  was  normal. 

Motor  loss.  Total  flaccid  paralysis  of  right  lower  limb  at 
all  the  joints.  Left  lower  limb  feeble  at  all  joints,  but  no 
individual  movement  impossible. 

Knee-jerks  :    left  present,  right  absent. 
Ankle-jerks :  both  absent.  Plantar  reflexes  absent. 

Sphincters  normal. 
Electrical  reaction  :  to  faradism  the  right  calf  muscles  re- 

acted normally ;  no  reaction  in  any  other  muscles  of  the  thigh 
or  leg.     All  muscles  of  the  left  lower  limb  reacted  normally. 

One  year  later  there  was  some  return  of  power  in  all  the 
muscles,  and  the  only  anaesthesia  persisting  was  a  small  patch 
on  the  front  of  the  right  thigh. 

Lower  Cauda  Lesion. 

Two  years  previously  a  labourer  when  at  work  was  injured 
by  a  fall  of  earth  which  struck  his  back  in  the  lumbar  region. 
He  was  buried  up  to  his  waist,  and  had  to  be  drawn  out.  He 
states  that  his  legs  were  limp  and  powerless,  and  that  he  had 
loss  of  feeling  up  to  the  waist. 

During  these  two  years  a  catheter  was  passed  twice  daily. 
Now,  catheterization  is  not  necessary,  and  the  patient  has 
complete  control  over  micturition.  There  is  still  occasional 
incontinence  of  faeces.  Patient  has  regained  considerable 
power  in  his  right  lower  limb  and  can  now  stand.  The  left  leg, 
however,  is  still  weak.  A  radiogram  taken  three  months  ago 
showed  an  old  fracture  of  the  5th  lumbar  vertebra  and  of 

the  sacrum.  There  is  anaesthesia  and  analgesia  from  the  5th 
lumbar  root  downwards  on  both  sides  (Fig.  122),  slightly  lower 

on  the  right  side  epicritic  loss  is  more  extensive  than  the  proto- 
pathic.     The  genitals  are  analgesic,  but  not  anaesthetic. 

Motor  functions  :  the  patient  can  feebly  move  the  toes  and 
ankles  of  both  feet,  the  left  feebler  than  the  right.  All  other 
movements  of  the  lower  limbs  are  good.  There  is  a  tendency 

to  left-sided  drop-foot.     Knee-jerks  :    right  brisk,  left  absent. 
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Ankle-jerks  absent.     Plantar  reflexes  absent.     Crcmaster  re- 
flexes present.     There  is  an  unhealed  sacral  bed-sore. 

Lower  Cauda  and  Conus  Medullaris  Lesion. 

A  Belgian  officer  was  shot  in  October  1914.  The  bullet 
entered  from  the  right  side,  1  inch  above  the  right  iliac  crest 

in  the  mid-axillary  line,  and  came  out  at  a  corresponding  point 

Fig.  122. — LuWi-K  lacl«a  le^ius.  Lausfd  b^  tt  ictll  of  earth  which 
fractured  the  5th  lumbar  vertebra  and  the  sacrum.  The  area  outlined  is 

anaesthetic  to  pin-pricks  and  cotton-wool,  and  includes  the  5th  lumbar 
roots  and  all  the  roots  below. 

on  the  opposite  side,  just  hitting  the  crest  of  the  ilium.  The 
patient  was  placed  on  a  horse  and  managed  to  ride  away,  being 
able  to  move  his  hips  and  knees,  but  feeling  marked  weakness 
of  the  ankles,  especially  on  the  right  side.  Ever  since  the 
injury  he  has  had  anaesthetic  incontinence  of  both  sphincters. 



204     NERVE  INJURIES  ANT)  THEIR  TREATMENT 

Sensory  functions  (Fig.  123) :  total  loss  to  touch,  pain,  and  tem- 
perature on  left  side  of  sacrum,  back  of  left  thigh,  and  left  side 

of  genitals,  i.e.  in  the  distribution  of  the  2nd  sacral  root  area 
and  all  the  roots  below ;  on  the  right  side  there  is  partial  bunting 
of  all  forms  of  sensation  in  the  distribution  of  the  3rd  sacral 

root  and  downwards,  including  right  buttock,  right  saddle- 
area,  and  right  side  of  geni- 
tals. 

No  paralysis  of  individual 
movements  of  lower  limbs,  al- 

though all  are  slightly  feeble  ; 
those  on  the  right  are  stronger 
than  those  on  the  left  side. 

Knee-jerks  present,  ankle- 
jerks  absent;  bulbo-cavernosus 
and  anal  reflexes  are  absent. 

To  faradism  the  sphincter 
ani  does  not  contract. 

November  1914.  Has  con- 
siderably recovered  sensation 

on  the  right  side  of  genitals. 

Developed  two  bed-sores,  one 
on  each  side  of  sacrum. 
December  1914.  Walks 

feebly  with  support. 
February  1915.  Walks 

fairly  well  without  a  stick. 
June  1915.  Can  walk  well 

on  tip-toes.  Can  pass  water  by 
straining,  without  a  catheter. 
There  is  anaesthesia  of  the 

urethra  with   occasional  drib- 

FiG.  123.  Lesion  of  lower  catjda  and  contjs  medullaris. 

The  I  pencil  rests  on  the  entrance-wound;  the  exit-wound  is  on  the 
opposite  side.  The  anaesthesia  on  the  left  side  is  that  of  total  loss 

to  touch,  pain,  and  temperature,  and  corresponds  to  the  2nd  sacral 
root  and  all  the  roots  below  it;  on  the  right  side  there  is  partial 
blunting  to  all  forms  of  sensation,  corresponding  to  the  3rd  sacral 
root  and  all  the  roots  below  it.  Six  months  previously  the  anaesthesia 
had  extended  to  the  dotted  line. 
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bling  of  urine.  There  is  no  control  over  the  bowel.  The 
bed-sores  are  healed. 

With  regard  to  these  cases  it  is  worth  noting  that  all 

three  have  slowly  but  steadily  improved  without  operative 
interference. 

In  making  a  diagnosis  of  lesions  in  this  neighbourhood 
the  chief  difficulty  is  to  distinguish  between  lesions  of  the 

Cauda  equina  and  those  of  the  conus  medullaris  (i.e.  that 

part  of  the  spinal  cord  which  extends  below  the  8rd  sacral 

segment,  and  w^hich  is  situated  opposite  the  1st  lumbar 
vertebra). 

Paralysis  of  the  bladder  and  rectum,  combined  with  an 

area  of  aniesthesia  corresponding  to  the  4th  and  5th  sacral 
and  1st  coccygeal  roots,  are  characteristic  of  a  conus  lesion. 

In  both  lesions  there  is  loss  of  sexual  power,  and  of  bladder 
and  rectum  control. 

Non-traumatic  cauda  lesions  are  more  often  gradual  in 
onset  than  conus  affections,  and  are  usually  accompanied 

by  intense  sacral  root  pains,  and  the  ultimate  anaesthesia 

of  a  progressive  cauda  affection  is  frequently  preceded  by 

cutaneous  hyperaesthesia.  A  bed-sore  is  commoner  in  a 
medullary  lesion  than  in  a  cauda  lesion. 

Any  dissociation  of  anaesthesia,  such  as  analgesia  or 

thermo-anaesthesia  without  tactile  anaesthesia,  points  to 
a  medullary  lesion.  If  both  cauda  and  conus  are  affected, 
the  cauda  symptoms  mask  the  others.  If  a  lesion  be 

asymmetrical,  it  is  more  likely  to  be  of  the  cauda  than  of 
the  conus. 

THE    LUMBO-SACRAL    PLEXUS 

Anatomy. — The  lumbo-sacral  plexus  is  formed  by  the 
anterior  primary  divisions  of  the  lumbar,  sacral,  and  coccygeal 
nerves  (Fig.  124). 

This  is  subdivided  into  the  lumbar,  sacral,  and  pudendal 
plexuses. 

The  lumbar  plexus  is  formed  in  the  substance  of  the  psoas 
muscle  by  the  first  four  lumbar  nerves,  and  is  often  joined  by 
a  branch  from  the  12th  thoracic  nerve. 



AnC.sacro-cocc. 

Perineal  branch-//     //  d- 

^"''"^  "    '  Sm.sclatic       lo"g 

Semlmembr 

Ad.maqnus 
--Peroneal 

Fio.  124. — ^The  lumbo-sacbal  plexus,  showing  the  conus  medul- 
t.  4.E.IS  AND  CAUDA  EQUINA,     After  Cunningham,  modified. 
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The  most  important  nerves  of  the  lumbar  plexus  are  the 
obturator  (L  2,  L  3,  L  4),  and  the  anterior  crural  (L  2,  L  3,  L  4). 

The  sacral  plexus  is  formed  by  the  anterior  primary  divisions 
of  the  4th  and  5th  lumbar  nerves,  and  the  1st  and  parts  of 
the  2nd  and  3rd  sacral  nerves. 

This  plexus  lies  on  the  pyriformis  muscle,  and  is  covered  by 
the  parietal  pelvic  fascia.  In  front  of  it  are  situated  the  pelvic 
colon,  the  internal  iliac  vessels,  and  the  ureter.  The  nerves 

of  the  plexus  converge  towards  the  lower  part  of  the  great 

sacro-sciatic  foramen,  uniting  to  form  a  broad  triangular  band, 
the  apex  of  which  is  the  great  sciatic  nerve. 

Other  important  branches  of  the  sacral  plexus  are,  the 
superior  gluteal  nerve  (L  4,  L  5,  S  1),  which  supplies  the  gluteus 
medius  and  minimus  and  the  tensor  vaginae  femoris,  and  the 
inferior  gluteal  nerve  (L  5,  S  1,  S  2),  which  supplies  the  gluteus 
maximus. 

The  pudendal  plexus  is  formed  by  parts  of  the  anterior 
primary  divisions  of  the  1st,  2nd,  and  3rd  sacral  nerves,  and 
the  whole  of  the  anterior  primary  divisions  of  the  4th  and 
5th  sacral  nerves,  and  of  the  coccygeal  nerve.  The  principal 
nerves  derived  from  this  plexus  are  the  small  sciatic  nerve 
(S  1,  S  2,),  the  cutaneous  nerve  to  the  lower  part  of  the 
buttock,  the  posterior  part  of  the  thigh,  and  the  upper  part  of 

the  calf,  and  the  pudic  nerve  (S  2,  S  3,  S  4),  supplying  the  ex- 
ternal sphincter,  the  muscles  in  the  urogenital  triangle,  and 

the  skin  of  the  scrotum  and  penis. 

Lesions  of  the  lumbo-sacral  plexus  are  less  frequent  than 
those  of  the  cauda  equina.  Partial  lesions  are  the  rule. 

No  case  of  complete  lesion  of  the  lumbo-sacral  plexus  has 
yet  been  recorded. 

THE   GREAT   SCIATIC   NERVE 

The  Great  Sciatic  Nerve  passes » into  the  buttock  through 

the  great  sacro-sciatic  foramen,  between  the  pyriformis 
muscle  and  the  superior  gemellus.  Its  point  of  entrance 
into  the  buttock  may  be  indicated  on  the  surface,  at  the 
junction  of  the  upper  and  middle  thirds  of  a  line  drawn 
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from  the  posterior  superior  iliac  spine  to  the  great  tro- 
chanter. 

The  nerve  now  passes  downwards  into  the  thigh  under 
cover  of  the  gluteus  maximus,  lying  midway  between  the 
great  trochanter  and  the  ischial  tuberosity.  At  the  lower 
border  of  the  gluteus  maximus  the  nerve  is  comparatively 

superficial,  lying  external  to  the  origin  of  the  hamstring 
muscles.  It  now  passes  deep  to  the  hamstrings,  and  runs 

downwards  upon  the  adductor  magnus  muscle  till  it  divides 

into  its  tibial  and  peroneal  divisions — usually  in  the  lower 
third  of  the  thigh. 

The  great  sciatic  nerve  comprises  the  two  main  nerves 
of  the  sacral  plexus,  the  internal  popliteal  (tibial)  nerve,  and 

the  external  popliteal  (peroneal)  nerve,  bound  together  in 
one  sheath,  along  with  the  nerve  to  the  hamstring 

muscles  lying  on  the  inner  side,  and  the  nerve  to  the  short 
head  of  the  biceps  lying  on  the  outer  side  of  the  nerve 
trunk. 

The  nerve  to  the  hamstring  muscles  arises  with  the 

internal  popliteal  from  the  4th  and  5th  lumbar,  and  the 
1st,  2nd,  and  3rd  sacral  nerves.  It  passes  into  the  thigh 

lying  on  the  inner  side  of  the  great  sciatic  trunk.  Just 
below  the  level  of  the  ischial  tuberosity,  branches  are  given 

off  to  the  long  head  of  the  biceps  and  the  semi-tendinosus  ; 
lower  down,  other  branches  are  given  off  to  the  semi-mem- 
branosus,  semi-tendinosus  again,  and  adductor  magnus. 

This  high  origin  of  the  upper  nerve  to  the  semi-tendinosus 
accounts  for  the  fact  that  in  lesions  of  the  great  sciatic  nerve, 

even  when  the  injury  occurs  high  up  the  thigh,  it  frequently 

happens  that  the  power  to  flex  the  leg  on  the  thigh  is 
preserved.     (See  Fig.  125.) 

The  nerve  to  the  short  head  of  the  biceps  arises  from  the 
5th  lumbar  and  1st  and  2nd  sacral  nerves.  It  runs  down 

the  outer  side  of  the  peroneal  nerve,  from  which  it  parts 
company  about  the  middle  of  the  thigh. 

The  tibial  and  peroneal  nerves  are  loosely  held  together 
for  a  greater  or  less  distance  by  a  common  investing  sheath  ; 
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on  opening  this  the  two  nerves  can  be  traced  up  to  the 

plexus,  from  which  they  take  their  origin  by  distinct  and 
separate  roots.  Frequently  there  is  no  common  investing 
sheath,  and  the  two  nerves  are  distinct  right  up  to  their 

origin  ;  sometimes,  indeed,  the  nerves  are  separated  by 
fibres  of  the  pjTiformis  muscle. 

It  is  well,  then,  to  look  upon  the  great  sciatic  nerve  as 

mainly  consisting  of  two  distinctly  independent  parts — 

Fig.  125. — Paealysis  of  the  eight  great  sciatic  nerve.  The  nerve 

was  completely  divided  immediately  below  the  sciatic  notch.  All  the 

muscles  supplied  by  the  great  sciatic  nerve  were  paralysed,  with  the  excep- 
tion of  the  semi-tendinosus.  By  means  of  this  miiscle  and  the  gracilis  the 

patient  covild  strongly  flex  the  knee  against  powerful  opposition.  Note 
the  senii-tendinos\is  standing  out  clearly  on  the  inner  side  of  the  popliteal 
space,  and  the  absence  of  the  biceps  tendon  on  the  outer  side. 

the  tibial  and  the  peroneal.    Not  only  is  this  true  anatomi- 
cally, but  clinically  it  is  very  obvious. 

When  trauma  is  applied  to  the  great  sciatic  nerve  the 
resulting  lesion  may  be  of  the  whole  nerve  or  of  its  peroneal 

or  tibial  component ;  in  the  latter  case  it  is  almost  invari- 

ably the  peroneal  nerve  that  suffers.  Thus,  in  our  71  cases 

of  injury  to  the  sciatic  nerve,  the  whole  trunk  was  affected 
14 
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in  35,  the  peroneal  nerve  in  33,  and  the  tibial  nerve  in 
3  eases  only. 

Paralysis  of  the  Great  Sciatic  Nerve. 

In  a  case  of  complete  sciatic  paralysis  there  is  anaesthesia 
of  the  outer  surface  of  the  leg  and  of  the  dorsum  and  sole 
of  the  foot  (Fig.  128) ;  in  fact,  the  only  part  of  the  leg  which 
is  not  anaesthetic  is  the  inner  surface  of  the  leg  and  ankle, 
which  region  is  supplied  by  the  internal  saphenous  nerve. 

Fig.  126. — Paralysis  or  the  eight  great  sciatic  nerve  which  was 
SEVERED  IMMEDIATELY  BELOW  THE  SCIATIC  NOTCH.       All  the  muscles  beloW 

the  knee  are  paralysed,  and  all  the  muscles  on  the  posterior  surface  of 

the  thigh,  with  the  exception  of  the  semi-tendinosus.    (See  Fig.  125.) 

At  the  moment  of  injury  the  limb  gives  way  and  the  patient 

falls  at  once,  with  a  sensation  of  pain  in  the  foot,  or  some- 
times feeling  as  if  the  foot  were  blown  off.  All  the  muscles 

below  the  knee  are  paralysed.  There  is  foot-drop,  and  no 
voluntary  movement  of  the  ankle  is  possible — whether 
of  flexion,  extension,  inversion,  or  eversion,  nor  is  there 
any  voluntary  movement  in  the  toes,  whether  of  flexion  or 
extension.  When  walking,  the  patient  has  to  raise  the  knee 
of  the  affected  side  higher  than  he  does  on  the  other  side, 
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in  order  to  clear  the  ground  with  his  dropped  foot.  Run- 
ning is   impossible. 

The  foot  and  lower  part  of  the  leg  becomes  slightly 
swollen  in  the  course  of  a  few  weeks  (see  Fig.  127),  and  other 

vaso-motor  and  trophic  changes  occur,  to  be  presently 
described  (see  external  popliteal  nerve,  p.  215). 

The  ankle-jerk  is  absent  in  the  affected  foot. 

Fig.  127. — Paralysis  of  eight  great  sciatic,  sHO^^^^'G  drop-foct 
WITH  varus.  Observe  also  the  cedema  of  the  foot  and  ankle,  on  which 
the  marks  of  the  supporting  bandage  are  plainly  visible. 

In  old-standing  cases  trophic  ulcers  tend  to  occur  from 
pressure,  at  the  tip  of  the  heel,  at  the  outer  border  of  the 

foot,  and  even  on  the  dorsal  surface  of  the  toes.  The  toe- 
nails become  thickened  and  transversely  striated.  The 

primary  elevation  of  temperature  of  the  whole  foot 
diminishes,  and  may  recede  to  normal,  whilst  the  calf  of 

the  leg  frequently  becomes  colder  than  normal. 
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If  the  lesion  be  high  up  the  nerve-trunk,  the  hamstring 
muscles  may  be  paralysed,  but,  even  then,  some  power  of 
flexion  of  the  knee  is  retained,  by  means  of  the  intact 
gracilis,  which  is  supplied  by  the  obturator  nerve. 

Fig.  125  relates  to  a  soldier  who  received  a  perforating  wound 
of  the  left  buttock,  followed  immediately  by  paralysis  of  the 
great  sciatic  nerve.  All  the  muscles  supplied  by  the  nerve 
on  the  posterior  surface  of  the  thigh  with  the  exception  of  the 
semi-tendinosus,  and  all  the  muscles  below  the  knee  were 
paralysed. 

At  the  operation  it  was  found  that  the  whole  nerve  had  been 
divided  immediately  outside  the  sciatic  notch,  and  was  here 
replaced  by  fibrous  tissue.  This  segment  was  excised  and 
direct  suture  performed.  Soon  after  the  operation  it  was 
found  that  the  patient  could  still  powerfully  flex  the  knee 
by  means  of  the  semi-tendinosus,  assisted  by  the  gracihs.  The 
nerve  to  the  semi-tendinosus  had  thus  evidently  parted  com- 

pany from  the  main  great  sciatic  trunk,  above  the  level  of 
the  sciatic  notch. 

THE  EXTERNAL  POPLITEAL  (PERONEAL)  NERVE 

Anatomy. — The  external  popliteal  nerve  arises  from  the  4th 
and  5th  lumbar,  and  the  1st  and  2nd  sacral  nerves.  (See  Fig,  124.) 
It  runs  down  the  back  of  the  thigh  in  company  with  the  internal 
popliteal  nerve,  and  the  nerves  to  the  hamstrmgs  and  to  the 
short  head  of  the  biceps,  these  nerves  together  constituting 
the  great  sciatic  trunk.  At  a  very  variable  point — usually  the 
lower  third  of  the  thigh — it  parts  company  from  the  mternal 
popliteal  nerve. 

It  is  only  that  portion  of  the  nerve  which  extends  from  this 
point  to  the  neck  of  the  fibula  which  receives  the  name  of  the 
external  popliteal  or  peroneal  nerve.  It  passes  outwards 
through  the  popliteal  space,  at  first  under  cover  of  the  biceps 
muscle.  It  then  becomes  more  superficial,  lying  behind  and 
then  internal  to  the  tendon  of  the  biceps.  Here  it  lies  upon 
the  outer  head  of  the  gastrocnemius,  immediately  subjacent 
to  the  deep  fascia.     Passing  subcutancously  behind  the  head 



£ntr ance 

Entrance -hr-=>  • 

Fig.  128.^ — Sensory  loss  in  paralysis  of  the  great  sciatic  nerve. 
The  shaded  area  is  insensitive  to  pin-pricks,  the  dotted  area  is  the 
additional  area  insensitive  to  cotton- wool ;  the  crosses  mark  the  loss  of 
sensation  to  deep  pressure. 
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of  the  fibula,  it  winds  round  the  neck  of  this  bone  through  the 
fibres  of  the  pcroneus  longus  muscle,  and  here  it  divides  into 
its  terminal  branches  :  anterior  tibial,  musculo-cutaneous,  and 
recurrent  tibial  nerves.  This  latter  supplies  branches  to  the 
upper  fibres  of  the  tibialis  anticus,  the  tibio-fibular  articulation, 
and  the  knee  joint. 

The  anterior  tibial  nerve.    (See  p.  216.) 

The  musculo-cutaneous  nerve. 

The  musculo-cutaneous  nerve,  piercing  the  upper  fibres  of 
the  pcroneus  longus,  passes  down  the  outer  side  of  the  leg, 
lying  in  the  intermuscular  septum  between  the  peronei  and  the 
extensor  longus  digitorum.  It  supplies  muscular  branches  to 
the  peroneus  longus  and  brevis.  In  the  lower  third  of  the  leg 
it  becomes  superficial  and  supplies  cutaneous  branches  to  the 
lower  third  of  the  front  of  the  leg,  the  dorsum  of  the  foot,  and 
the  dorsal  surface  of  the  proximal  phalanges  of  the  four  inner 
toes. 

In  addition  to  these,  the  external  popliteal  nerve  gives  off 
two  important  cutaneous  branches.  Both  arise  in  the  pop- 

liteal space. 
The  sural  branch  supplies  cutaneous  branches  to  the  outer 

and  posterior  surfaces  of  the  leg  in  its  upper  two-thirds. 
The  peroneal  communicating  nerve  pierces  the  deep  fascia 

in  the  middle  of  the  calf,  and  joins  the  tibial  communicating 
nerve  to  form  the  external,  or  short,  saphenous  nerve. 

Injury  to  the  peroneal  nerve  is  very  common.  It  results 
from  cutting  accidents,  fractures  of  the  femur,  fractures  of 

the  upper  end  of  the  fibula,  and,  most  commonly,  from  gun- 
shot wounds.  It  may  be  injured  in  any  part  of  the  course  of 

the  great  sciatic  nerve  from  the  sciatic  notch  downwards, 

or  in  the  popliteal  space  under  cover  of  the  biceps  tendon, 
or  as  it  winds  round  the  neck  of  the  fibula  to  pass  from  the 

popliteal  space  to  the  front  of  the  leg  ;  in  this  latter  position 

it  may  be  injured  by  the  pressure  of  a  Clover's  crutch.  It 
has  been  cut  when  the  biceps  has  been  tenotomized,  and 
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removal  of  the  upper  portion  of  the  fibula  has  resulted  in 
damage  to  the  nerve.     (See  Fig.  131.) 

Motor  Symptoms.  .  Owing  to  paralysis  of  the  peronei, 
tibialis  anticus,  and  extensors  of  the  toes,  the  foot  cannot 
be  dorsiflexed  nor  everted,  the  toes  cannot  be  extended, 

and  the  foot  assumes  the  position  of  talipes  equine- varus  ; 

it  is  said  to  be  in  a  state  of  '  foot-drop  '  (Fig.  129). 
Sensory  Phenomena.  There 

is  loss  of  sensation  over  the 

areas  supplied  by  the  mus- 
culo-cutaneous  nerve  and  the 
lateral  cutaneous  branch  of 

the  external  popliteal  nerve, 
i.e.  over  the  outer  side  of  the 

leg  and  the  dorsum  of  the 

foot  (Fig.  130).  Joint-sense 
is  lost  in  all  the  toes,  and 

generally  at  the  ankle  as  well. 

Vasomotor  and  Secretory 
Phenomena. 

The  foot  is  slightly  swollen 
and  oedcmatous,  especially 

in  the  evening  if  the  patient 
has  been  walking  about  during 

the  day.  The  swollen  foot 

is  generally  cyanosed,  with 
thinning  of  the  skin  on  the 

dorsum  and  hyperkeratosis  on 
the  sole.     Sweating  is  absent 

Fig.   129. — Right-sided  external  popliteal  paralysis,  following 

A  gunshot-wound     or  THE   buttock  which  divided   the   peron
eal 

HALF  OF  THE  GREAT  SCIATIC  NERVE. 

The  outlined  area  is  anaesthetic  to  pin-pricks  and  cotton- wool.  There 

is  paralysis  of  the  peronei,  tibialis  anticus,  and  extensors  of  the  toe
s. 

Note  the  wasted  condition  of  the  extensors  and  peronei,  the  '  drop-foot, 

and  the  delayed  desquamation  over  the  anaesthetic  area. 
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in   the  anaesthetic  area  of  skin,  and  the  foot  as  a  whole 

is  usually  warmer  than  the  uninjured  one. 

Fig.  129  shows  the  area  of  anaesthesia  in  a  soldier  wounded 

in  May  1915,  at  Festhubert,  by  a  piece  of  shell.  The  entrance- 
wound  was  in  the  right  buttock  on  a  level  with  the  top  of  the 

great  trochanter  and  2^  inches  from  the  mid-vertebral  line  : 

> 

Fig.  130. — External  popliteal  paralysis.  The  shaded  area  shows 
the  extent  of  anaesthesia  to  pin-pricks  and  cotton-wool. 

there  was  no  exit-wound,  but  in  the  radiogram  a  piece  of  shell 
could  be  seen  lying  near  the  neck  of  the  right  femur. 

At  the  operation  in  July  1915  it  was  found  that  the  external 
popliteal  nerve  had  been  shot  through  about  one  inch  below 
the  sciatic  notch.  In  this  situation  it  was  replaced  by  a  mass 
of  fibrous  tissue  which  was  adherent  to  the  internal  popliteal 
nerve.     This  area  was  excised  and  the  ends  of  the  nerve  sutured. 

THE    ANTERIOR    TIBIAL    NERVE 

Anatomy. — The  anterior  tibial  nerve  passes  inwards  and 
downwards  beneath  the  peroneus  longus,  the  extensor  longus 
digitorum,  and  the  extensor  proprius  hallucis,  to  reach  the 
interosseous  membrane,  on   which  it  descends  to  the  ankle- 



THE    ANTERIOR    TIBIAL    NERVE 217 

joint.  Here  it  passes  beneath  the  anterior  annular  ligament 
and  the  tendon  of  the  extensor  proprius  hallucis.  In  this 
situation  it  gives  off  branches  which  supply  the  extensor  brevis 
digitorum,  the  articulations  of  the  tarsus  and  metatarsus.  It 
terminates  in  cutaneous  branches  which  supply  the  cleft 
betAveen  the  hallux  and  the  second  toe.  This  space  is  also 
supplied  by  branches  of  the  musculo-cutaneous  nerve,  so  that 
paralysis  of  the  anterior  tibial  nerve  may  be  unaccompanied 
by  any  sensory  loss.     (See   Fig.    131.)     In  its  course  down 

Fig.  131. — Pabalysis  of  the  eight  anterior  tibial  nerve,  ihe 
patient  is  attempting  to  dorsiflex  both  feet.  The  right  foot  is  in  the  con- 

dition of  '  foot-drop.'     There  is  no  sensory  loss. 

the  leg,  the  anterior  tibial  nerve  supplies  the  tibialis  anticus, 
extensor  longus  digitorum,  extensor  proprius  hallucis,  and  the 
peroneus  tertius  muscles. 

Paralysis  of  the  anterior  tibial  nerve  is  very  seldom  met 
with  in  civil  practice,  but  may  occur  from  gunshot  wounds 
of  the  interosseous  space. 
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The  symptoms  are  paralysis  of  the  tibiahs  anticus, 
extensor  proprius  hallucis,  extensor  longus  digitorum, 

peroneus  tertius,  and  extensor  brevis  digitorum  ;  there  is 
usually  no  sensory  loss,  but  there  may  be  anaesthesia  in 
the  first  interosseous  space. 

Fig,  131  is  that  of  a  woman,  the  upper  end  of  whose 
fibula  was  removed  for  a  huge  myeloid  sarcoma.  The  first 
stage  of  the .  operation  consisted  in  thoroughly  exposing  the 

external  popliteal,  the  musculo-cutaneous,  and  the  anterior 
tibial  nerves  ;  these  were  dissected  out  and  displaced  forwards. 
It  was  thought  that  these  had  been  carefully  protected  from 
injury  during  the  whole  operation,  which  was  a  very  tedious 
and  prolonged  one  ;  but  much  manipulation  of  the  interosseous 
space  was  necessitated  by  the  ramification  of  the  growth  and 
by  the  free  bleeding  which  followed  the  removal  of  the  tourni- 

quet, and  the  anterior  tibial  nerve  must  have  been  injured, 

for  subsequently  it  was  found  that  the  patient  had  '  foot-drop.' 

Motor   Symptoms. 

EXTERNAL    POPLITEAL. 

—  PERONEAL 

•  COMMUNICATING 

—  MUSCULO-CUTANEOUS. 

ANTERIOR 

TIBIAL. 

There  was  no  voluntary  movement 
in  the  tibialis  anticus,  the 

extensor  longus  digitorum, 

nor  in  the  extensor  proprius 
hallucis.  These  muscles 

gave  no  response  to  faradic 

shocks,  and  there  was  re- 
action of  degeneration  to 

the  galvanic  current. 
Sensory  phenomena. 

There  Avas  no  sensory  loss 

in  foot  or  leg,  not  even  in 

the  first  dorsal  interosseous 

space. 
Fig.  132. — Gunshot- wound  of 

the  left  external  popliteal 

nerve,  involving  only  the  fibres 
op  the  anterior  tibial   nerve. 

Fig.  132  relates  to  a  soldier 

wounded  by  a  shrapnel-bullet 
which  entered  just  behind  the 
left  biceps  tendon  at  the  level  of 

the  knee-joint.    Four  months  later,  he  could  firmly  plantar-flex 
the  foot  and  strongly  evert  foot  (peronei  acting  forcibly),  but 
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could  not  dorsiflex  foot — all  the  toes  beinfr  bluish  and  cold. 
To  faradism  the  peronei  responded  briskly  and  forcefully. 
There  was  no  response  in  any  anterior  tibial  muscle.  There 
Avas  sensory  loss  over  the  external  popliteal  area. 

At  the  operation  it  was  found  that  the  external  popliteal 
nerve  had  been  wounded  just  proximal  to  its  division,  and  the 
outer  side  of  the  main  nerve  trunk  was  the  seat  of  a  dense 

fibrous  scar — involving  obviously  the  anterior  tibial  rather 
than  the  musculo-cutaneous  fibres.     This  wedge  was  excised. 

THE    INTERNAL    POPLITEAL    NERVE 

Anatomy. — The  internal  popliteal  (tibial)  nerve  arises  from 
the  4th  and  5th  lumbar,  and  the  1st,  2nd,  and  3rd  sacral  nerves. 
It  runs  down  the  thigh  in  company  with  the  external  popliteal 
nerve,  and  the  nerves  to  the  hamstrings  and  to  the  short  head 
of  the  biceps,  constituting  with  them  the  trunk  of  the  great 
sciatic  nerve. 

The  name  internal  popliteal  is  usually  confined  to  that  portion 
of  the  nerve  which  extends  from  the  bifurcation  of  the  great 

sciatic  trunk  to  the  lower  border  of  the  popliteus  muscle — 
from  here  downwards  it  receives  the  name  of  posterior  tibial. 

From  the  roots  of  the  nerve  muscular  branches  arise  which 

supply  the  quadratus  femoris,  the  obturator  intemus,  the 
gemelli,  and  the  hamstring  muscles,  and  also  an  articular 

branch  for  the  hip-joint. 
The  nerve  is  at  first  covered  by  the  semi-membranosus. 

Emerging  from  under  this  cover  it  descends  the  popliteal  space 
in  its  middle  line,  crossing  the  popliteal  vessels.  It  then  rests 
upon  the  popliteus  muscle,  covered  by  the  gastrocnemius  and 
plantaris  muscles. 

Branches  of  the  Internal  Popliteal  Nerve. 

Articular  branches  to  the  knee-joint. 
Muscular  branches  to  the  gastrocnemius,  soleus,  plantaris, 

popliteus,  and  tibialis  posticus. 

Cutaneous  branch.    In   the  popliteal  space  the  tibial  com- 
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munibating  nerve  is  given  off.  This  passes  down  the  mid-line 
of  the  calf  covered  by  the  deep  fascia.  Piercing  the  fascia  in 
the  middle  of  the  leg,  it  joins  the  peroneal  communicating  to 
form  the  external,  or  short  saphenous  nerve.  This  nerve 
winds  round  the  back  of  the  external  malleolus  to  gain  the  outer 
side  of  the  foot.  It  supplies  cutaneous  branches  to  the  outer 
side  and  back  of  the  lower  third  of  the  leg,  the  ankle,  the  heel, 
and  the  outer  side  of  the  foot  and  little  toe.  It  also  supplies 
articular  branches  to  the  ankle-joint  and  the  joints  of  the 
tarsus. 

Posterior  Tibial  Nerve. 

This  nerve  is  the  continuation  of  the  internal  popliteal  nerve 
from  the  lower  border  of  the  popliteus  muscle  to  the  internal 
annular  ligament,  under  which  it  divides  into  the  two  plantar 
nerves.  It  runs  down  the  back  of  the  leg  between  the  super- 

ficial and  the  deep  muscles,  lying  on  the  tibialis  posticus  muscle, 
and  then  on  the  lower  end  of  the  tibia.  The  nerve  at  first  lies 

internal  to  the  posterior  tibial  artery  ;  it  crosses  the  artery  at 
the  upper  margin  of  the  soleus  muscle,  and  runs  down  on  the 
fibular  side  of  the  vessel  to  the  ankle. 

Muscular  branches  are  given  to  the  soleus,  tibialis  posticus, 
flexor  longus  digitorum,  and  flexor  longus  hallucis. 

A  cutaneous  branch,  the  internal  calcanean  nerve,  is  supplied 
to  the  heel  and  the  neighbouring  part  of  the  sole  of  the  foot. 

Beneath  the  internal  annular  ligament  the  posterior  tibial 
nerve  divides  into  its  terminal  branches,  the  internal  and 
external  plantar  nerves. 

The  internal  plantar  nerve  (the  homologue  of  the  median 
nerve  in  the  hand)  supplies  the  abductor  hallucis,  flexor  brevis 
digitorum,  flexor  brevis  hallucis,  and  the  first  lumbrical ;  it 
also  supplies  sensation  to  the  inner  part  of  the  sole  of  the  foot 
and  the  plantar  surface  of  the  three-and-a-half  tibial  toes. 

The  external  plantar  nerve  (the  homologue  of  the  ulnar 
nerve  in  the  hand)  supplies  the  accessorius,  the  abductor 
minimi  digiti,  the  adductor  obliquus  imd  adductor  transversus 
hallucis,  the  three  outer  lumbricals,  and  all  the  interossei ;  it 
also  supplies  sensory  branches  to  the  outer  side  of  the  sole  of 

the  foot,  and  to  the  plantar  surface  of  the  one-and-a-half  fibular 
toes. 
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The  digital  nerves  also  send  cutaneous  twigs  to  the  dorsum 
of  the  toes,  which  supply  the  terminal  phalanges. 

Complete  isolated  lesions  of  the  internal  popliteal  nerve 
are  uncommon. 

Motor  Symptoms.  A  complete  lesion  of  the  nerve  results 
in  paralysis  of  the  muscles  of  the  calf  and  flexors  of  the 

foot;  consequently,  plantar  flexion  of  the  foot  and  of  the 
toes  is  impossible.  Owing  to  paralysis  of  the  tibialis 
posticus,  the  foot  cannot  be  forcibly  inverted.  By  means, 
however,  of  the  intact  tibialis  anticus  the  foot  can  still  be 

feebly  inverted,  but  this  movement  is  accompanied  by 
dorsi-flexion  of  the  foot. 

Sensory  Symptoms.  There  is  loss  of  sensation  over  the  sole 

of  the  foot,  and  over  its  fibular  border  ;  over  the  plantar 

surfaces  of  the  toes  and  the  dorsum  of  the  terminal  phal- 
anges of  the  four  fibular  toes  ;  over  the  entire  heel,  plantar 

and  postero- external  surfaces,  and  over  the  posterior  surface 
of  the  leg  in  its  lower  third.  (See  Fig.  120.)  The  portions 

of  this  area  suppUed  by  the  external  saphenous  nerve  are 
the  posterior  surface  of  the  leg  and  the  outer  border  of 
the  foot. 

The  ankle-jerk  and  the  plantar-reflex  are  both  abolished. 
Lesions  of  the  nerve  are  easily  overlooked,  since  there  is 

no  characteristic  attitude  of  the  foot. 

A  soldier  in  August  1915,  at  Suvla  Bay,  was  wounded  by 
a  rifle-bullet  in  the  right  leg.  The  entrance  was  in  front,  5^ 
inches  above  the  inter-malleolar  line.  The  exit  was  on  the 

inner  side,  3J  inches  above  the  tip  of  the  internal  mafleolus, 
and  on  a  line  with  its  posterior  edge.  The  bullet  fractured 
the  tibia.  There  was  paralysis  of  the  muscles  of  the  sole 
of  the  foot,  and  loss  of  sensation,  both  protopathic  and 
epicritic,  over  the  heel,  sole,  and  plantar  surfaces  of  the  toes. 
There  was  loss  of  sensation  to  deep  pressure  over  most  of 
the  heel  (Fig.  133). 



222     NERVE  INJURIES  AND  THEIR  TREATMENT 

At  the  operation  it  was  found  that  the  nerve  was  completely 
divided ;  there  was  a  bulb  at  each  end ;  the  ends  were  separated 
for  2|  centimetres,  and  were  embedded  in  a  mass  of  dense  fibrous 
tissue  which  was  intimately  adherent  to  the  site  of  the  fracture 
and  also  to  the  scar  of  exit.  After  freshening  the  divided 

ends  of  the  nerve,  they  were  '  bridged  '  by  many  strands  of 
catgut,  and  wrapped  in  cargile  membrane. 

'-Exit 

Fig.  133. — Paralysis  of  the  posteriok  tibial  nerve.  There  was 
paralysis  of  the  mviscles  of  the  sole.  The  shaded  area  denotes  loss  of 
epicritic  and  protopathic  sensation ;  the  dotted  area  indicates  loss  of 

epicritic  sensation  alone.  The  crosses  indicate  the  area  over  -which  deep 
sensation  -was  lost. 

Pains  associated  with  Internal  Popliteal  Nerve  Injuries. 

Incomplete  lesions  of  the  internal  popliteal  nerve, 
\vhether  high  up  in  the  sciatic  trunk  or  after  its  divergence 

from  the  external  popliteal  nerve,  are  commonly  associated 
%vith  pain.  In  this  respect  the  internal  popliteal  resembles 

the  median  nerve  in  the  upper  limb.  (See  p.  176.)  The 
spontaneous  pain  is  of  a  burning  character  (thermalgia). 
It  is  referred  to  the  sole  of  the  foot  and  the  plantar 
surfaces  of  the  toes  ;  in  some  cases  the  pain  is  also  referred 

to  the  calf  (Fig.  134).  The  territory  of  the  internal 
plantar  nerve  is  more  painful  than  that  of  the  external 
plantar.     After  attaining  their  maximum  intensitv  these 
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pains  persist  at  their  worst  for  several  weeks.  They 

then  tend  to  subside — more  rapidly  than  in  the  case  of 
median-nerve  pains. 

THE    SMALL    SCIATIC    NERVE 

Lesions  of  the  small  sciatic  nerve  are  evidenced  by 

anaesthesia  of  the  lower  portion  of  the  buttock  and  of  the 

posterior  surface  of  the  thigh — sometimes,  too,  of  the 
popliteal  area,  and  the  upper  half  of  the  calf. 

Isolated   lesions  of   the    small  sciatic    nerve    are    rare. 

Fig.  134. — Paralysis  of  the  small  sciatic  nerve  and  painftjl  inter- 
stitial NEURITIS  or  THE  INTERNAL  POPLITEAL  NERVE,  consequent  on  a 

shell-wound  of  the  right  buttock.  There  is  antesthesia  of  the  lower  portion 
of  the  buttock  and  posterior  surface  of  the  thigh ;  also  marked  cutaneous 
hypersesthesia  in  the  calf  and  sole  of  the  foot  (the  dotted  areas),  together 
with  wasting  of  the  muscles  in  these  regions. 

Generally  the  injury  also  implicates  some  other  branch  of 

the  lumbo-sacral  plexus. 

A  soldier  received  a  bullet-wound  in  the  buttock  at  Ypres 
in  April  1915. 

There  was  anaesthesia  over  the  buttock  and  posterior  surface 
of  the  thigh,  and  general  wasting  of  the  glutei,  hamstrings, 
and  calf  muscles  ;  there  was  tenderness  on  pressure  in  the  calf 
and  marked  hypersesthesia  in  the  right  sole.  At  the  instant 
he  was  wounded  he  thought  some  one  had  dropped  a  box  of 
ammunition  on  his  foot,  and  felt  sure  his  heel  had  been  crushed. 
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The  pain  in  his  foot  was  so  great  that  his  boot  had  to  be  cut 
away  ;  he  could  not  bear  to  have  it  pulled  off.  The  pain 
increased  for  two  weeks,  and  remained  at  its  maximum  for 
three  weeks.  When  seen  in  July  the  sole  of  the  foot  was  so 
exquisitely  tender  that  he  could  only  rest  it  in  bed  when  lying 
on  its  side  ;   he  could  allow  nothing  to  touch  the  sole. 

At  the  operation  in  July  1915  it  was  found  that  immediately 
outside  the  sciatic  notch  the  great  sciatic  nerve  had  been 

injured  on  its  inner  edge ;  here  the  sheath 
was  adherent  to  a  mass  of  scar  tissue,  in 
which  was  compressed  the  small  sciatic 
nerve. 

Combined  Lesion  of  Small  Sciatic,  Inferior 

Gluteal,  and,  partly,  o£  Great  Sciatic. 

A  soldier,  aged  36,  suffered  from  ma- 
lignant tertian  malaria,  for  which  he  was 

treated  by  intra-muscular  injections  of 

quinine.  One  of  these  injections,  unfor- 
tunately, M^as  given  over  the  course  of 

the  sciatic  nerve  on  the  right  side,  at  a 
level  one  inch  above  the  gluteal  fold. 
The  patient  at  once  developed  pain  in 
the  course  of  the  sciatic  distribution,  from 

hip  to  heel. 
When  examined,  3^  weeks  later,  he  was 

found  to  have  anaesthesia  to  cotton-wool 

touches  over  the  right  lower  gluteal  re- 
gion, the  back  of  the  thigh,  and  the  upper 

half  of  the  calf.  To  pin-pricks  the  area 
of  analgesia  was  less  extensive.  (See  Fig. 
135.)  The  right  gluteal  fold  was  flattened, 

and  the  gluteus  maximus  did  not  contract  on  voluntary 
extension  of  the  right  hip.  The  hamstrmgs,  calf  muscles,  and 
dorsiflexors  of  the  right  ankle  were  slightly  feebler  than  on  the 
other  side,  and  the  right  ankle-jerk  was  diminished. 

Fig.  135. — Combined 
lesion  of  eight 
small  sciatic  and 
inferior      glitteal 
NERVE. 
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THE  ANTERIOR  CRURAL  NERVE 

Anatomy. — The  anterior  crural  nerve  arises  from  the  2nd, 
3rd,  and  4th  kimbar  nerves,  in  the  substance  of  the  psoas 
muscle.  Gaining  the  outer  side  of  the  psoas  muscle,  it  runs 
downwards  between  that  muscle  and  the  iliacus,  and  passes 

under  Poupart's  ligament,  lying  close  to  the  outer  side  of  the 
femoral  artery.  Whilst  in  the  abdomen  a  muscular  branch 

is  given  to  the  iliacus  muscle.  In  Scarpa's  triangle  it  splits 
up  into  its  terminal  branches. 

Muscular  Branches. 

These  are  supplied  to  the  quadriceps  extensor  cruris  (vastus 
internus,  vastus  externus,  rectus  femoris  and  crureus),  the 
pectineus,  and  sartorius  muscles. 

Articular  Branches. 

The  nerve  to  the  rectus  femoris  supplies  a  branch  to  the 

hip-joint.  The  nerves  to  the  vastus  internus,  vastus  externus 
and  crureus,  each  supply  a  branch  to  the  knee-joint. 

Cutaneous  Branches. 

The  middle  cutaneous  nerves  supply  the  front  of  the  thigh 

from  the  apex  of  Scarpa's  triangle  to  the  knee-joint. 
The  internal  cutaneous  nerves  supply  the  inner  side  of  the 

thigh  in  its  lower  two-thirds. 
The  internal,  or  long  saphenous  nerve,  passing  down  the 

thigh  in  Hunter's  canal,  becomes  cutaneous  on  the  inner  side 
of  the  knee-joint,  and  supplies  the  internal  surface  and  front 
of  the  knee-joint,  and  the  internal  surface  of  the  leg  and  of  the 
ankle-joint. 

Injury  of  the  anterior  crural  nerve  is  rare. 

Motor  Symptoms.  The  motor  loss  in  paralysis  of  the  an- 
terior crural  nerve  is  evidenced  by  inability  to  extend  the 

knee-joint.  There  is  also  diminished  power  of  flexion  at 

the  hip-joint.     The  knee-jerk  is  abolished. 
When  standing  or  walking  the  knee  tends  to  give  way, 

and  the  patient  easily  trips  over  small  objects.  There  is 
15 
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special  difficulty  in  going  up  or  down  stairs — the  patient 
taking  two  strides  on  each  step,  instead  of  the  normal 

alternate  step-forwards  of  each  leg.  When  going  up- 
stairs, he  leads  off  with  the  sound  leg  and  drags  the  affected 

leg  up  to  the  same  level.  When  going  downstairs,  he  leads 
off  with  the  paralysed  leg. 

Sensory  symptoms.      There  is  anaesthesia  over  the  front 

and  inner  surface  of  the  thigh  and  knee,  and  over  the  inner 

Fig.  136. — Paraly-sis  of  the  left  anterior  crural  nerve.  The 
patient  is  trjdng  to  extend  both  knees,  but  fails  with  the  left. 

surface  of  the  leg  and  of  the  ankle-joint.  Tlie  anaesthesia 
extends  downwards  to  about  one  and  a  half  inches  below 
the  inner  malleolus. 

The  long  saphenous  nerve  is  sometimes  injured  separately 

in  wounds  through  Hunter's  canal.  In  addition  to  anaes- 
thesia over  its  cutaneous  distribution,  the  patient  usually 

suffers  from  spontaneous  pains  in  the  same  area. 
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THE    OBTURATOR    NERVE 

Anatomy. — The  obturator  nerve  arises  from  the  2nd,  3rd, 
and  4th  lumbar  nerves  in  the  substance  of  the  psoas  muscle. 

It  passes  downwards  in  the  psoas  muscle  and  gains  its  inner 
border  near  the  brim  of  the  pelvis,  behind  the  common  iliac 
artery.  Together  with  the  obturator  artery  it  passes  through  the 
opening  in  the  upper  part  of  the  obturator  foramen,  and  enters 
the  thigh.  Whilst  in  the  opening,  it  divides  into  a  superficial 
and  a  deep  part.  The  superficial  part,  passing  in  front  of  the 
adductor  brevis  muscle,  but  deep  to  the  pectineus  and  adductor 
longus,  supplies  an  articular  branch  to 
the  hip-joint  and  muscular  branches  to 
the  adductor  longus,  adductor  brevis, 
and  gracilis.  A  cutaneous  branch 
supplies  a  strip  of  skin  on  the  inner 
side  of  the  thigh.  The  deep  part 
passes  behind  the  adductor  brevis, 

and  supplies  branches  to  the  obtur- 
ator externus,  adductor  magnus  and 

adductor  brevis,  and  an  articular 

branch  to  the  back  of  the  knee-joint. 

It  is  therefore  the  nerve   of  ad- 

duction of  the  thigh.      The  pow'er  of   Fig.   137. — Left-sided    ob- 

adduction,    ho^vever,   is    not    com-  ttxratob  and  ilio-ikguinai, 

pletely  lost  in  lesions  of  the  obtur- 
ator nerve,    seeing   that    the    adductor    magnus   received 

branches    from    the    great    sciatic    nerve,    and    that    the 
anterior  crural  nerve  sometimes    sends  branches    to    the 

adductor  longus  ;    moreover,  the  other  adductors  of  the 

thigh  (the  pectineus  and  the  lower  fibres  of  the  gluteus 
maximmus)  are  still  intact. 

Injury  of  the  obturator  nerve  is  rare.     The  following  is 

an  illustrative  example  : — 

An  officer  was  wounded  by  a  rifle-bullet  which  entered  at 
the  outer  border  of  the  left  iliac  crest,  2  inches  behind  and  an 
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inch  above  the  anterior  superior  iliac  spine.  There  was  no 
exit- wound,  but  a  radiogram  showed  the  bullet  lying  obliquely 
within  the  pelvis  at  the  level  of  the  5th  lumbar  spine. 

When  hit,  he  immediately  lost  power  in  the  left  lower  limb, 
fell,  and  was  unable  to  get  up.  When  examined  two  weeks 
later,  in  a  base  hospital,  he  was  found  to  have  cutaneous 
anaesthesia  of  the  uppermost  part  of  the  left  adductor  region, 
also  of  the  sole  and  dorsum  of  the  left  foot.  Together  with  this, 
there  was  paralysis  of  the  adductors,  quadriceps,  and  anterior 

tibial  group  of  muscles,  with  drop-foot,  evidently  from  wide- 
spread damage  to  the  lumbo-sacral  plexus. 

When  re-examined,  4^  months  after  the  injury,  the  con- 
dition had  cleared  up,  save  for  motor  signs  of  left-sided  obturator 

paralysis.  There  was  also  a  patch  of  anaesthesia  close  below 
the  left  groin,  in  the  territory  of  the  ilio-ingiiinal  nerve. 
(S?e  Fig.  137.)  Pin-pricks  in  this  area  were  recognized,  but  felt 

'  different '  from  theJiealthy  side.  At  the  left  hip-joint,  flexion 
and  extension  were  good  but  adduction  was  feeble.  There  was 
wasting,  with  loss  of  faradic  reaction,  in  the  left  adductor 
muscles.  The  quadriceps  and  all  other  muscles  of  the  limb 

were  now  normal,  both  in  motor  power  and  in  faradic  excita- 
bility. The  motor  weakness  of  the  knee  and  ankle  had  also 

completely  cleared  up. 
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Acromial  nerve, 
site  and  path  of,  125 

Action  of  gravity,  105 
Adductor  obliquus, 

paralysis  of,  164 
Adductor  transversus, 

paralysis  of,  1 64 
Adherence, 

of  injured  surfaces  lying  in  con- 
tact, 87 

Adhesions, 
of  unmoved  tendons,  sheaths,  and 

joints,  72 
prevention  of,  85 

Alcohol  poisoning, 
neuritis  of,  41 

Anaesthesia, 
skin  areas  of,  how  mapped  out,  1 5 
types  of,  in  nerve  injuries,  17 

Analgesia  to  pin-pricks, 
following  peripheral  nerve  lesion, 17 

Anal  reflexes, 
loss  of,  in  Cauda  equina  lesion,  1 99 

Anastomosis, 
directions  for,  94 
for  facial  paralysis,  95 

Aneurysm, 
nerve     paralysis     produced     by 

pressure  of,  40 
Ankle, 

loss  of  movement  from  paralysis 
of  great  sciatic  nerve,  210 

Anosmia, 
testing  for,  110 

Anterior  cornual  cell, 
lesions  of,  causes  and  character- 

istics, 54,  55 
Anterior  crural  nerve, 

see  Crural  nerve 
Anterior  root  lesions, 

causes  and  characteristics,  55 
Anterior  thigh  and  leg  muscle, 

motor  points  of  [illustration),  24 
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Anterior  tibial  nerve, 
see  Tibial  nerve Anus, 

anaesthesia  of,  from  cauda  equina 
lesion,  199 

Arm, 

functional     anaesthesia     accom- 

panying   mtisculo-spiral   in- 

jury, 52 (left  upper),  hysterical  paralysis 
of,  150,  151 

hysterical   paralysis   of   {illus- 
trations), 151 

(lower), paralysis(Klvunpketype), 
cause,  134 

motor  points  of  [illustrations),  22, 23 

splinting  in  injuries  of,  74,  75,  77 
statistics   of  injuries  to  various 

nerves  of,  109 

(upper),       paralysis       (Erb-Du- chenne  type),  cause,  133 
wounds,  of  functional  anaesthesia 

following,  41,  45-8 
see  also  Brachial  plexus 

Arsenic  poisoning, 
neuritis  of,  41 

Arteries,  fibrosed  and  obliterated, 
frequently  associated  with  nerve 

injuries,  103 Asepsis, 
essential    for    success    of    nerve 

suture,  65,  70,  71 
imperative  in  all  operations,  83 

Astereognosis,  16,  171 
Auditory  nerve, 

injury    to,    deafness    frequently 
associated  with  facial  para- 

lysis, 118 Auricular  nerve  (great), 
buUet-woimd  of  [illustration),  127 
case    illustrating    bullet-wound, 

127,  128 
site  and  path  of,  125 
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Axis- cylinder, 
changes  in  nerve  division,  4 
formation  of,  during  recovery  of 

divided  nerve,  8,  9,  10,  11 
of  motor  and  sensory  nerve  fibres, 

2,3 
structure  and  function  of,  1 

Biceps, 
nerve  to  the  short  head  of,  208 
paralysis  of,  76 

through  division  of  fifth  cervi- 
cal root,  140,  141,  142 

Bladder,  loss  of  control  of, 
from  lesion  of  cauda  equina,  197, 

199,  203 
in  conus  medullaris  lesion,  205 

Blood, 

absorption    following    nerve    in- 
juries, 60 

absorption    of    effused   products 
of,  36 

effects  of  infiltration,  86 
effusion  of,  fibrous  tissue  due  to, 

36 
extravasated  within  and  around 

the  nerve  sheath,  80 
Blood  vessels, 

nerve  structure  supplied  by,  2 
Bones, 

compression   by   displaced    ends 
of,  101 

fractured,     complicating     nerve 
injuries,  62 

effusion  of  blood  between  and 
about  ends  of,  36 

palpation  of,  in  clinical  investiga- 
tion of  motor  f mictions,  18 

trophic  influence  of  nerves  on,  4 
Bony  callus, 

compression  due  to,  35 
compression  of  median  nerve  by, 

100 

Bony  projections, 
compression  by,  cases  resistant  to 

treatment,  81 
Bowlby, 

on  chances  of  muscular  recovery 
after  delayed  operation,  65 

Brachial  artery, 
fibrosed    condition    in     gunshot 

hole  in  the  humerus,  102 
Brachial  birth  palsy, 

cause,  134 
{illustration),  134 

Brachial  plexus, 
characteristics,  distribution,  and 

function,  129 

Brachial  plexus  {continued), 
complete  palsy  a  rare  condition, 139 

composite  injury  of,  treatment, 104 

{illustration),  103 
cords  of,  characteristics,  129 
cutaneous  sensory  supply  (illus- 

tration), 131 
division    of    fifth    cervical    with 

other    roots   involved,    140, 
141 

incomplete    lesion    with    lateral 
neuroma,  97,  98 

{illustration),  98 
incomplete  paralysis  of  whole  of. 

diagnosis    and    examination 
(and  illustrations),  141,  142 

injuries  of, 
anaesthesia     in      {illustration), 

136 

(bullet),  case  illustrating  com- 
plicated nature  of,  141,  142 

complicated  by  lesions  of  sur- 
rounding    structures,      139, 140 

(direct),  commonest  causes  and 
characteristics,  136,  137 

hysterical  paralysis  simulating, 
case  illustrating.  150,  151 

how  diagnosed,  130 

(indirect),  causes  and  charac- 
teristics, 132 

(right-sided),  from  pressure  of 
cervical   rib,    case  illustrat- 

ing, 152, 153 
{illustrations),  151,  152,  153 

inner   cord  injuries,   cases  illus- 
trating    {and     illustrations), 

143-7 
signs  and  symptoms,  143 

motor    supply    of    {illustration), 
130 

operation  to  expose  the,  153-5 
outer  cord  injuries,  case  illustrat- 

ing  symptoms   and   charac- teristics, 148, 149 

paralysis  of, 
case  illustrating,  125,  135 
{illustration),  135 

posterior  and  inner  cord  injuries, 
caso  illustrating  (and  illus- 

trations), 146,  147 
posterior  cord  injuries,  symptoms 

and    case    illustrating,    146, 147 

root  area  and  peripheral  nerve 
distribution  ( illustration),  1 30 
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Brachial  plexus  (continued), 
rupture  of  tif  th  and  sixth  cervical 

root  (illustration),  132 
traction  injuries,  133,  134 
wound    with    diverse    lesions    of 

several    nerves,     treatment, 
102,  103,104 

Brachialis  antieus, 
paralysis  of,  76 

Bridging,  94 
Bulbous  ends,  87,  88 

cut  surface  of  (illustration),  85 
removal  of,  84,  85,  89 

Burning  pain, 
following  injury,  characteristics. 

31 
see  also  Causalgia 

Buttocks, 
anaesthesia    of,    from    lesion    of 

small  sciatic,  223 

external  popUteal  paralysis  fol- 
lowing      gunshot       wound . 

215 

"  saddle-shaped  "    area  of  anaes- 
thesia on, cause,  199 

sensory     area     of     nerve     root 
supplying,  198,  199 

shrapnel-wound     of,     fimctional 
anaesthesia  following,  46 

CaK, 

general  wasting  of  muscles  from 
interstitial    neuritis    of    the 
tibial  nerve,  223 

paralysis  of,  from  internal  pop- 
liteal injury,  221 

sensory  area  of,  supplied  by  first 
sacral  nerve  root,  197,  199 

Callus, 
as  a  paralysing  agent,  61 
compression  by,  33,  35,  100 
cases  resistant  to  treatment,  81 
nerve-callus,  87 

Cargile  membrane, 
use  during  operation,  85 

Cauda  equina, 
cutaneous  distribution  of,  197 

(illustration),  198 
cutaneous  peripheral  sensory  sup- 

ply of  lower  limb   (illustra- 
tion), 198 

definition  of  the  term,  197 
injuries   to,   motor   and   sensory 

symptoms,  197,   198,  199 
lower,     and     conus     medullaris, 

injury   to,    case   illustrating 

symptoms,  203-4 
(illustration),  204 

Cauda  equina  (continued), 
lower    injury,     case    illustrating; 

symptoms  (and  illustration), 

202-3 motor  distribution  of,  198,  199 
non-traumatic  injuries, 

characteristics,  205 
sensory  distribution  of,  197,  199 
upper  injuries,  cases  illustrating 

sensory    and    motor    symp- 
toms, 200, 201 

(illustration),  206 
Causalgia  or  Thermalgia,  222 

class  of  case  described  as,  176 
injuries    associated    with,    prog- 

nosis bad,  61 
nature  of  the  condition,  31 
phenomena  of,  81 
resistance  to  treatment,  81 
treatment,  81 

Central  neuroma,  88 
Cervical  nerve  (fifth), 

anaesthesia  in  lesion  of,  138 
anastomosis  to  spinal  accessory 

(illustration),  95 

complete  lesion  of,  case  illustrat- 
ing, 137,  138 

(illustration),  137 
division,    with    involvement    of 

others,  140,  141 
injury  to,  cases  illustrating,  138, 139 

showing  lateral  neuroma   (illus- tration), 95 

traction  injuries,  133,  134 
Cervical  nerves  (superficial), 

site  and  path  of,  125,  127 
Cervical  plexvis, 

bullet-wounds  of,  127 
cutaneous  branches  of,  distribu- 

tion, 125 
diagram  oi  (illustration),  126 
injuries  to,  127 
muscular  branches,  125 

Cervical  rib, 

injuries  due  to  pressure  of,  151 
meaning  of  the  term,  151 
right-sided    brachial   plexus,   in- 

jury from  pressure  of,  case 
illustrating,  152,  153 

(ilhistrations),  152,  153 
Cervical  sympathetic  nerve, 

distribution  and  functions  of,  123 
injury  to,  123 
irritation    of,    signs  and   causes, 

125 

paralysis  of,  signs  and  character- 
istics, 124 
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Circumflex  nerve, 
causes  of  injuries  to,  and  symp- 

toms, 158 
Clavicle, 

adhesions  to,  in  composite  injury 
of  brachial  plexus,  104 

Clavicular  nerve, 
site  and  path  of,  125 

Claw  hand,  1 64 
Clinical  investigation, 

of  motor  functions,  18-20 
of  sensation,  method,  1 5 

.Coccygeal  nerve  roots,  197 
.sensory  and  motor  distribution 

Of,  198,  199 
X!occyx,  sensory  areas  of,  198,  199 
Compensatory  hypertrophy  follow- 

ing injury,  18 
Compression,  81 

by  bone  callus,  100 
by    displaced    end    of    fractured 

bone,  101 
by  fibrous  tissue,  81,  100 

cases  resistant  to  treatment,  81 
treatment,  98 

cases  illustrating  injury  from,  68, 69 

degeneration  following,  33 
injuries  due  to,  examples,  34 
liberation  of  nerve  from,  68 
musculo-spiral    paralysis     from, 188 

prognosis  after  relieving,  67 
relief  of  {illustration),  68 
sclerosing  fibrous  tissue  or  bony 

callus  causing,  35 
symptoms     and    characteristics, 

33,34 
symptoms  occurring  subsequent 

to,    but    consequent    upon, 

35-6 
Compression  paralysis, 

how  produced,  36 
prevention  of,  36 

Concussed  nerve, 
cases    frequently    examples     of 

"  functional  paralysis,"  35 
characteristics,  80 
class  of  injury  due  to,  61 
nature  of  the  condition,  symp- 

toms and  causes,  34 
Condenser  apparatus, 

in   examination   of  motor  func- 
tions, 26 

Conductivity,  temporary  loss  of, 
in  nerve  contusion,  33 

Contusion, 
condition  in,  80 

Contusion  {contintied), 
definition,  characteristics,  causes, 

and  symptoms,  32 
factors  favouring  good  prognosis 

in  cases  of,  61 
Conus  meduUaris, 

and    Cauda    equina,    differential 
diagnosis  of  injuries  to,  205 

definition  of  the  term,  205 
injury  to,  case  illustrating  symp- 

toms, 203-4 
{illustration),  204 

non-traumatic  injury, 
characteristics,  205 

{illustration),  206 
Coraco-brachiaUs, 

paralysis  of,  76 
Cords  of  the  brachial  plexus, 

characteristics  and  functions,  129 
Cortico-spinal  neurone, 

see  Neurone,  upper 
Cotton  wool  anaesthesia, 

in  peripheral  nerve  lesion,  1 7 
Coughing,  persistent, 

resulting      from      inclusion     of 
phrenic  nerve  in  a  ligature, 128 

Cranial  nerve  paralysis, 
cases  relatively  imcommon,  110 
causes  and  characteristics,  110 
statistics  of  cases,  108 

Crural  nerve,  anterior,  207 
branches  and  distribution  of,  225 
motor   and    sensory   symptoms, 

225,226 
paralysis    showing    atrophy    of 

quadriceps    exteiosor    cruris 
{illustration),  226 

Crutch  paralysis, 

due  to  injury  through  compres- 
sion, 34 

term  defined,  34 
Cutaneous  localization,  15 
Cvitaneous  nerve, 

division  of,   type  of  anaesthesia 
following,  17 

(internal)   embedded  in  gunshot 
wovmd  of  humerus,  102,  103 

partially  divided  by  piece  of 
shell,    treatment,     {illustra- 

tion), 104 
Cutaneous  sensibility, 

characteristics   and   examination 
for,  11,  14,  15 

epicritic,  characteristics  and  exa- 
mination for,  4 

protopathic,   characteristics  and 
examination  for,  4,  11,  14 
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Cutaneous  sensory  distribution, 
of  the  brachial  plexus,  129,  130 

(illustration),  131 

Deafness, 
from  injury  to  auditory  nerve,  118 

Degeneration 
see  Reaction  of  degeneration 

Deltoid  muscle, 
paralysis  of,  123,  146 

through  division  of  fifth  cervi- 
cal root,  140,  141 

paralysis  and  wasting  of, 

following  gunshot  wound  (i'Wws- tration),  157 
in    circumflex   nerve   injuries, 

158 

splinting  in  paralysis  of,  76 
(illustration),  77 

wasting  of  (illustration),  132 
Dental  nerve, 

paralysis  of,  123 
Desquamation, 

following  injury  to  external  'po^- 
\itea\nev\e  (illustration),  6,  7 

Diabetes, 
neuritis  of,  41 

Diagnosis, 
early  importance  of,  70 
of  divided  nerve,  71 
of  organic  nerve  disease,  53,  54 

Diaphragm  paralysis, 
division  of  phrenic  nerve  resulting 

in,  128 
Diphtheria, 

neuritis  of,  41 
Diplopia, 

and  ocular  palsies,  111 
injury    to    fourth    ocular    nerve 

causing,  111 
Dissociated  paralysis,  30 
Divided  nerve, 

alteration  in  structure  and  func- 
tion, 4,  5,  7,  8 

anatomical  and  physiological  in- 
terruption in  relation  to,  28 

causes  and  symptoms,  28-32 
complete,  81 

suture  of,  technique,  84,  87-8 
with  separated  ends, 

treatment,  87 
(illustration),  88 

complete  and  incomplete, 
diagnosis    and    differentiation 

of,  28,  29,  30 
incomplete, 

definition  of,  30 
symptoms  of,  29,  30 

Divided  nerve  (continued), 
incomplete  (continued) 

treatnaent,  95 
pain  following,  characteristics,  31 
process  of  recovery  of,  8-11 
reaction  of  degeneration  follow- 

ing, 28 
sciatic  (illustration),  5 
skin  changes,  7,  8 
suture  of,  technique,  83,  84 
suture  the  treatment  for,  70 
(illustration),  8,  9 
see  also  Injuries 

Drop-foot, 
cause  of,  19,214,215 
and    varus,    paralysis    of    great 

sciatic  with  (illustration),  211 
in  anterior  tibial  paralysis  (illus- 

tration), 217 
in    external    popliteal    paralysis 

(illustration),  215 
method  of  examination,  20 
position  during  treatment,  75 
prevention   by   tendon   fixation, 106 

walking  apparatus  for  (illustra- tion), 76 

(illustrations),  215 
Drop- wrist, 

cause  of,  1 9 

in  musculo-spiral  paralysis,  187, 
190 

(illustration),  188 
method  of  examination,  20 
position  during  treatment,  73 
prosthetic  appliance  for,  106 
splint  for,  74 
(illustration),  188 

Dyssesthesia, 
occurrence  of,  16 

Efferent  fibres, 
functions,  3 

Electrical  examination, 
non- response  of  muscle  to,  a  sign 

of  nerve  degeneration,  59,  60 
of  motor  functions,  20-6 

Electrical  reactions, 
in  musculo-spiral  paralysis,  189, 

190,  191 
of  muscles  following  nerve  injury, 

59 
Electrical  treatment,  90 

non-response  to,  91 
observations     and     instructions, 

form  to  be  employed,  78 
Electrodes, 

in  electrical  examination,  20,  90 
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End  bulbs, 
{illustration),  8  9,  10 
see  also  Bulbous  ends 

Endoneurium, 
composition  and  function  of,  2 

Enophthalmos,  136 
definition  of,  124 
in  cases  of  paralysis  of  cervical 

sympathetic       (illustration), 
124, 125 

Epicritic  sensibility, 
characteristics,  4,  11,  12 
examination  for,  14 

frequent  non-recovery  of,  follow- 
ing secondary  suture  of  ulnar 

nerve,  65,  66 
loss    of,    in    popliteal    paralysis, 

case  illustrating,  63,  64 
following  nerve  division,  28 

recovery  of,  after  nerve  division, 
11 

in     primary     and     secondary 
suture,  63 

Epineurivun, 
nature     and     function     of     the 

tissue,  2,  4 
Ensheathing  of  nerves,  85 
Erb-Duchenne  type  of  upper  arm 

paralysis,  133 
Examination,  clinical, 

methods  and  maxims,  13-26 
of    motor    functions,     methods, 

18-20 
Exercises,  occupational,  80 
Extensor  longus  digitoruin, 

paralysis  of,  217,  218 
Extensor  proprius  hallucis, 

paralysis  of,  217,  218 
External  plantar  nerve, 

see  Plantar  nerve 
External  popliteal  nerve, 

see  Popliteal  nerve 
External  saphenous  nerve, 

see  Saphenous  nerve 
Eye, 

condition     and     appearance     in 
facial  paralysis,  116,  124, 125 

ocular  nerve  injuries,  111,  112 
Eyelids, 

appearance    in    facial    paralysis, 
116 

drooping    of,    from    paralysis    of 
levator  palpebrse,  112 

pseudo-ptosis     in     paralysis     of 
cervical  sympathetic,  124 

Facial  nerve, 
causes  of  injuries  to,  115 

Facial  nerve  (continued), 
injured  by  shrapnel- wound,  case 

illustrating,  1 17 

injury  outside  skull,  no  impair- 
ment of  taste  produced  by,. 116 

motor  and  sensory  roots  of,  1 14,^ 
115 

motor  points  of  {illustration),  21 
origin,  distribution,  and  functions 

of,  114,  115 
shrapnel- wound   injuring     (illus- 

tration), 117 
Facial  paralysis, 

anastomosis  for,  95,  118 
case  illustrating,  IIG.  117 

deafness  from  injury  to  auditory^ 
nerve  frequently  associated, 
with,  118 

prognosis  largely  dependent  upon. 
electrical  reactions,  117 

symptoms  and  patient's  charac- teristics, 116 Faeces, 

incontinence  of,  in  cauda  equina, 
injury.  202 

Fallopian  aqueduct, 

injury  to,  115 Faradism, 

electrical   reaction    of   paralysed 
muscles  to,  78 

employment    in    treatment,    in- dications for,  78 
in   examination   of  motor  func- 

tions, 20 
in  treatment  of  facial  paralysis,. 117 

non-response  of  divided  nerve  to, 28 

non-response  of  muscles  to,  a  sign- 
of  nerve  degeneration,  59,  UO- Feet, 

see  Foot  ;  Trench  feet 
Femur, 

backward   displacement   produc- 
ing  external  popliteal  para- 

lysis (illustration),  101 
fracture  with  backward  displace- 

ment causing  external  pop- 
liteal palsy  (illustration),  34 

gunshot  wound  dividing  sciatic 
nerve,  92 

Fibrosed  segments  of  nerves, 
treatment,  90,  91 

Fibrosis, 

causing  ischemic  paralysis,  36 
condition    commonly    described 

as,  90 
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Fibrosis  {continued), 
mainly  dependent  on  sepsis,  86 

Fibrous  tissue, 
formation  of,  86 
common  factor  in  production  of 

paralysis,  85 
compression  by,  67,  81 

cases  resistant  to  treatment,  81 
treatment,  98 

segment    of    injured    nerve    re- 
sembling, treatment,  104 

Finger  pads, 
wasting  of,   following  nerve   di- 

vision, 8 
(illustration),  6 

Fingers, 
flexion    of,    in    gunshot    woiind 

of  ulnar  nerve  (illustration), 
163 

in  median  and  ulnar  paralysis, 
172,  173,  178 

inability  to  extend,  in  musculo- 
spiral  paralysis,  187,  190, 191 

(illustrations),  188,  189 
loss  of  cutaneous  sensation  from 

ulnar  and  median  paralysis, 
161,  171,  173 

loss    of    joint    sense    in    median 
paralysis,  171 

loss  of  movement  in  median  and 

ulnar  paralysis,  181-3 
pains  of,  in  median  nerve  injury, 

176,177 
paralysis  in  median  nerve  injury, 

173 

paralysis    in    musculo-spiral    in- 
jury, 190, 191 

paralysis  of  flexors,  143-7 
splinting   in   musculo-spiral   and 

ulnar  paralysis,  74,  75,  77 
tapering  of,  following  nerve  di- 

vision, 8 
tendon    transplantation    in    in- 

juries of,  105,  106 
tight  flexor  contracture  of,  case 

illustrating,  49 
see  also  Ulnar  nerve 

Flexion   of   joint   over   which   the 
nerve  passes,  92 

Foot, 
anaesthesia  of  dorsum  and  sole  in 

paralysis  of  great  sciatic 
nerve,  210 

anaesthesia  of  dorsum  in  paralysis 
of  external  popliteal  nerve, 
215 

desquamation  of  dorsum  of  (illus- 
tration), 6 

Foot  (continued), 
loss  of  protopathic  and  epicritic 

sensation  over  heel,  sole,  and 
toes     from    posterior    tibial 
lesion,  221 

paralysis  of  sole,  from  internal 
popliteal  injury,  221 

paralysis  of  sole,  from  posterior 
tibial  lesion,  221 

plantar    flexion     and    inversion 
impossible  in  internal  pop- 

liteal injury,  221 
sensory    areas    of,    nerve    roots 

supplying,  197,  199 Foot- drop, 

see  Drop-foot 
Forearm,  gunshot  wound  of, 

functional  anaesthesia  and  muscle 

spasm     following     (illustra- 
tions), 44,  45 

Fractures,   complicating  nerve  in- 
juries, 62 Functional  anaesthesia, 

and  muscle  spasm  following  gun- 
shot wound  of  forearna  (il- 

lustrations), 44,  45 
characteristics,  45 
(illustrations),  44,  45,  46,  47 

Functional  paralysis, 

and  organic  combined,  case  illus- 
trating   characteristics,    51, 

52 "concussed"    nerve    frequently 
example  of,  35 

points  in  diagnosis,  43,  44 
reflexes  in,  44 

Functional  spasm, 
of  left  hand  (illustration),  44,  45 

Functions, 

recovery    of,    in    priinary     and 
secondary  suture,  63 

Funiculi, 

description  of,  2 

Galvanism, 

in  examination  of  motor  func- 
tions, 22 

in  treatment,  indications  for,  78 
in  treatment  of  facial  paralysis, 117 

non-response  of  muscles  to,  a  sign 
of  nerve  degeneration,  59,  60 

reaction  of  degeneration  exhi- 
bited on  testing  divided 

nerve  by,  28 

reactions  to,  in  musculo-spiral 
paralysis,  case  illustrating, 
189,  190,  191 
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Galvanism  (continued), 
response  to,  in  injury  to  cords  of 

brachial   plexus,    case   illus- 
trating, 147 

Genitals,  anaesthesia  of, 
in  lesion  of  cauda  equina,   197, 

199,  204 
Glossopharyngeal  nerve, 

paralysis  of,  condition  due  to,  1 1 8 
Glove, 

for  use  in  ulnar  paralysis,  7  7 
(illustration),  78 

Gluteal  nerve,  207 
inferior,  and  small  sciatic,  com- 

bined lesion  of,  224 
(illustration),  224 

Glutei, 

general  wasting  from  lesion   of 
great  sciatic,  223 

Haemorrhage, 
prevention  of,  during  operations, 

86,87 
into  nerve  substance,  60 

Haemostasis,  86 
Haemothorax, 

in  gunshot  wounds  of  thorax,  1 96 
Hamstring  muscles, 

general  wasting  of,  from  lesion  of 
the  great  sciatic,  223 

nerve  to,  course  of,  208 
paralysis  of,  from  lesion  of  the 

great  sciatic,  212 
Hand, 

appearance    following   lesion    of 
median  and  ulnar  nerves,  181 

appearance   following   lesion    of 
median    and    ulnar    nerves 
(illustration),  6 

condition     and     appearance     in 
musculo-spiral        paralysis, 
187-9 

(illustrations),  188,  189 
deformity  in   median   paralysis, 

172 
deformity  in  ulnar  paralysis,  163 
hyiJerkeratosis  of  palmar  surface 

in  ulnar  paralysis,  165 
hysterical    spasm    of,    following 

thumb  wound  (illustrations), 
49,  50,  51 

ischaemic    paralysis    of    (illustra- 
tions), 37,  38 

loss  of  cutaneous  sensation  from 
median  paralysis,  171,  174 

loss  of  cutaneous  sensation  from 
ulnar  paralysis,  161 

Hand  (continued), 
p&ins  in,  in  median  nerve  injury, 

177 

paralysis  of  intrinsic  niuscles  of, 
143, 149, 181, 184 

(illustrations),  144, 145,149.181 
reflex  paralysis  of,  case  illustrat- 

ing, 57 
return  of  motor  power  to  muscles 

of,  following  ulnar  lesion,  67 
tendon    transplantation    in    in- 

juries of,  105,  106 
wasting    of    palmar    muscles   in 

median  and  ulnar  paralysis, 
181 

Hand  splint,  74 
(illustration),  75 

Hersage,  102 
Hopeless  nerve  injuries,  104,  105 Humerus, 

bony  deformity  of  internal  con- 
dyle (illustration) ,  168 

bullet-wound,  median  and  ulnar 
paralysis  following,  178 

gunshot    hole    with    lesions    of 
several  nerves  (illustration), 103 

subcoracoid  dislocation  of,  injury 
to  posterior  and  inner  cords 
of  brachial  plexus  by,  case 
illustrating,  147 

HyjDeraesthesia,  areas  of, 
how  mapped  out,  15 

Hyperkeratosis,  of  palmar  surface 
in  ulnar  paralysis,  165 

Hypoglossal  nerve, 
function  of,  122 

(left),  paralysis   of   (illustration), 123 

paralysis  of,  atrophy  of  tongue 
resulting  from,  122 

Hypothenar  muscles, 
wasting  in  brachial  plexus  injury 

from   cervical   rib    pressure, 
152,  153 

wasting  in  gunshot  lesion  of  ulnar 
nerve,  163,  164 

(illustrationa),  6,  181 
Hypothermia,  local,  55 
Hysterical  paralysis, 

and  reflex,  combined,  57,  58 
differential  diagnosis,  55 

case  illustrating,  48,  49,  50-3,  57 
production  by  suggestion,  50 
simulating   a   lesion   of  brachial 

plexus,  case  illustrating  (and 
illustration),  150,  151 

(illustrations),  49,  50,  51,  57 
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lUo-inguinal  paralysis,  227 
Iliac  crest, 

sensory  areas  of,  197 
Incomplete  division, 

see  Di\ided  nerve,  29 

Inferior  gluteal  ner\-e, 
see  Gluteal  ner\-e 

Infraspinatus  niiiscle, 
see  Spinati 

Injiiries, 
active  movements  in,  79 
adherence   of    surfaces    lying   in 

contact,  87 
changes  in  muscles  following,  71, 

72 
condition  of  wound  compHcating, 

62 
conditions     under     which     they 

occur,  27 
due  to  concussion.  61 
electrical    reactions    of    muscles 

following,  59 
electrical  treatment,  78 
essential  points  in  treatment,  70, 

71 
good     prognosis,     e^"^dence     of, 

61 
ionization  over  site  of,  60 
massage  and  passive  movements 

in,  79 
methods  of  production  and  symp- 

toms, 27-42 
mixed-ner%"e,  treatment  directed 

to  muscle  changes,  71 
motor  return  affected  by  site  of, 

67 

non-response  of  muscle  to  electri- 
cal measures  a  sign  of  nerv'e 

degeneration,  59,  60 
of  anterior  roots  and  of  peripheral 

ner%"es,  distinction  between, 55 

pain  following,  characteristics,  31 

prognosis    after    reUe\"lng    com- 
pression, 67,  68 

recovery  of  functionsafter,period 
before  complete,  63 

spontaneous  recovery  of,  70 
statistics  of  cases.  108,  109 

symptoms,   completeness   or  in- 
completeness of,  60 

symptoms     occurring     indepen- 
dently of,  40,  41 

sjTnptoms  occurring  subsequent 
to,  but  consequent  upon,  35— 
40 

tendon  transplantation  in,  105 
thickening  with  adhesions,  60 

Injuries  (contitined), 
traction,  type  of  lesions  classed 

as,  32 
type  resistant  to  treatment,  81, 

104,  105 
types  of  anaesthesia  in,  1 7 
ulcers  following,  protopathic  re- 

covery preventing,  65 
various     kinds     of,     and     their 

treatment,  84-106 
see  also  under  names  or  individual 

nerves  ;  also  Di%*ided  nerve  ; 
Operation ;  Treatment,  etc. 

Inspection, 
in  chnical  investigation  of  motor 

ftmctions,  18 
Intercostal  nerves, 

injury  by  rifie-biillet,  case  illus- 
trating. 195 

(seventh  right),  paralysis  of  {il- 
lustration), 196 

Internal  plantar  nerve, 
see  Plantar  nerve 

Internal  pophteal  nerve, 

see  Popliteal  ners"e Internal  saphenous  nerve, 
see  Saphenous  nerve 

Interossei, 

loss  of  power  of,  in  vilnar  para- 
lysis (illustration),  169 

paralysis  of,  164 
wasting    of,    in    brachial   plexus 

injur\-     from     cer\'ical     rib 
pressure,  152,  153 

wastingof.inulnar  lesion,  163,  164 
(illustrations),  163,  182 

Interosseous  ner%-e,  posterior, 
course  and  ftmction  of,  186 

injury  to,  case  illustrating  symp- 
toms. 192 

isolated  injury  rare,  192 
occasionally  injured  in  fractures 

of  radius,  187 

Interstitial  netu-itis,  painful,  26 
of  the  internal  pophteal  nerve, 224 

Intra-cranial  haemorrhages, 
often     associated     with     ocular 

palsies.  111 
Investing  sheaths.  So,  87,  208,  209 
Ionization, 

over  site  of  injury,  60,  79 
Ischaemic  paralysis,  36,  37,  38 

cause  and  nature  of  the  condition, 

36 anaesthesia  in  ( illustration),  39 
from  arterial  injuries,  case  illus- 

trating, 39 

of  the  hand  (illustrations),  37,  38 



238 INDEX 

Joints, 
observations   on,   in   relation   to 

treatment,  73 
palpation  of,  in  clinical  investiga- 

tion of  motor  functions,  18 
paralysed,  not  to  remain  in  fixed 

position  for  lengthy  period, 
73 

wounds   complicating   nerve   in- 
juries, 02 

Joint  sense, 
how  tested,  14,10 

Jones,  Lewis,  condenser  apparatus 
(illustration),  26 

Jones's  hyperextension  hand  splint, 

74 (illustration),  75 

Anaesthetic  sense, 
characteristics,  14,  16 

Klumpke  type  of  lower- arm  para- 
lysis, 134 Knee, 

anaesthesia  of,  cause,  226 
failure  of  extension  of,  in  anterior 

crural  paralysis,  226 
flexion  during  suture  of  divided 

sciatic  nerve,  92 
sensory     areas     of,     nerve     root 

supplying,  197-9 

Lacerated  nerves, 
symptoms  and  characteristics,  32 

Laryngeal  nerve,  recurrent, 
and  fifth  cervical  root,  combined 

lesion  (illustration),  139 
paralysis  of,  40,  119 

Lateral  neuroma, 
definition  of,  96 

(illustrations),  95,  96,  97,  98 
Latissimus  dorsi, 

paralysed  from  lesion  of  the  long 
subscapular  nerve,  196 

paralysis  in   complete  lesion   of 
posterior    cord    of    brachial 
plexus,  146 

Lead  poisoning, 
symptoms  of  neuritis  of,  41 Leg, 

anaesthesia   in   paralysis    of    ex- 
ternal popliteal  nerve,  215 

anaesthesia   of    outer   surface   in 
paralysis    of    great    sciatic 
nerve,  210 

cutaneous  peripheral  sensory  sup- 
ply of  (illustration),  200 

delayed   desquamation   of   outer 
surface  of  (illustration),  6 

heg  (continued) , 
injuries  to,  statistics,  109 
motor  points  of  anterior  muscle 

of  (illustration),  24 

paralysis  from  cauda  equina  le- 
sion, case  illustrating,  200-2 

paralysis  of  muscles  below  knee 
in  lesion  of  the  great  sciatic, 210 

sensory  areas,  nerve  roots  supi^ly- 
ing,  197 

tonico-clonic  spasm,  48 
Levator  ani, 

paralysis  of,  from  cauda  equina 
lesion,  199 

Levator  palpebrse, 
ptosis  of  eyeUd  from  paralysis  of, 

112 Lingual  nerve  (right), 
paralysis  of,  case  illustrati:ig,  123 

Long  saphenous  nerve, 
see  Saphenous  iierve,  internal 

Lumbar  nerve  roots,  197 
sensory  and  motor  distriljution  of, 199 

sensory  areas  supplied  by  (illus- 
tration), 198 

Lumbo-sacral  plexus,  205 
arrangement  oi  (illustration),  206 
characteristics    and    distribution 

of,  205 
lesions  of,  207 

Lumbricales,  inner, 

paralysis  of,  164 

Main  de  singe,  174 
(illustration),  181 

Maiti  en  griff e,  164,  166 
Manipulation, 

clumsy,  effects  of,  86 Massage, 

during  treatment,  79 
Masseter  muscle, 

injury  to,  cause  and  detection  of, 113 

Mastication, 

during  facial  paralysis,  116 
Mastoid  antrum, 

facial   nerve   frequently   injured 
by  operations  on,  115 

Maxillary  nerve,  inferior, 
injury,  atrophy,  and  paralysis  of 

masseter,      temporal,      and 
pterygoid   muscles   due   to, 
112, 113 

Maxillary  nerve,  superior, 

source,  distribution     and    fmic- 
tionof.  112 
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^lechanical    or    prosthetic     appli- 
ances, 106 

3Iedian  nerve, 
characteristics,  distribution,  and 

functions  of,  170 
compression  by  bone  callus,  100 
compression  by  fibrous  tissue,  100 

{illustration),  100 
compression  injury  of,  case  illus- 

trating, 68 
division,  appearance  of  the  hand 

(illustration),  172 
hand    at    rest    shows   little    de- 

formity, 172 
incomplete  lesions  of,  175 

sensory  area  in   {illustration), 
177 

(left),  case  illustrating  symptoms, 
173 

paralysis  of  {illustrations),  172 
loss  of  cutaneous  sensation  {illus- 

tration), 174 
motor  symptoms,  172 
painful  symptoms,  175 
sensory  symptoms,  171 
spontaneous  pains,  176 
sweating  characteristic  of,  166 
vasomotor  and  trophic  changes, 

175 
vasomotor,  secretory,  and  trophic 

signs',  174 with    lateral   neuroma    {illustra- 
tions), 96,  97 

Median  paralysis, 
pressure  sense  in  {illustration),  69 
with  reflex  paralysis,  57 

{illustration),  56 
Median  and  ulnar  paralysis,  177, 1 83 

due    to    gunshot    wound,    case 
illvistrating,  64,  178 

loss   of  sensation   {illustrations), 
178,  179,  180 

paralysis  of  thumb  (illustrations), 
182,  183 

sensory  symptoms,  1 78 
(illustrations),  178-81 

Medullary  sheath, 
appearance  of,   during  recovery 

of  divided  nerve,  9,  10 
substance  and  function  of,  1 

Methylene  blue, 
use  in  treatment  of  ner^-e  injuries, 90 

Metronome, 
application  of,  78,  90 

Micturition, 
loss  of  control  of,  in  cauda  equina 

lesion.  202 

Mixed  nerve  trunk, 
paralysis  of,  type  of  anaesthesia 

following,  17 
Moral  paralysis,  79 
Motor  functions, 

clinical  investigation  of,  methods, 
18-20 

condenser  apparatus  in  examina- 
tion of,  26 

electrical  examination  of,  20-6 
muscle  deficiency,  how  tested,  19 
recovery  of,  following  secondary 

suture,  65 
site  of  injury  affecting  return  of, 

66 
Motor  nerve  fibres, 

alteration  in  function,  5 
functions  of,  3 
of  mixed  nerve  trunk,  2 

Motor  paralysis, 
organic,  diagnosis,  18,  54 
significance    of,    in    clinical    in- 

vestigation, 18 
Motor  points, 

of  face  and  neck  {illustration),  21 
of  the  upper  limb  (illustrations), 

22,23 

of  thigh  and  leg  (illustration a),  24, 
25 

Motor  power, 
delayed       operation       lessening 

chances  of  recovery,  65 
recovery  after  nerve  division,  12 
recovery  in  primary  and  second- 

ary suture,  63 Motor  supply, 

of  the  brachial  plexus  (illustra- 
tion), 130 

Motor  sjTnptoms, 
of  peripheral  neuritis,  40,  41 Mouth, 

condition  in  facial  paralysis,  116 
Movements, 

active  and  passive,  during  treat- ment, 79 Miiller, 

paralysis  of  non-striated  muscle 
of,  124 Muscle  fibre, 

degeneration  of,  following  injury, 

23-5 Muscle  sensation,  14 
Muscle  spasm, 

and  fimctional  anaesthesia  follow- 

ing gunshot  wotmd  (illustra- 
tions), 44,  45 

of  right  lower  hmb  (illustration), 
48 
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Muscle  supply, 

of  the  brachial  plexus,   charac- 
teristics, 129,  130 

Muscles, 
affections   in    upper    and    lower 

neurone  lesions  compared,  54 
condition  in  organic  motor  para- 

lysis, 54 
deficient,  how  degree  is  estimated, 19 

electrical  applications  to,  78 
electrical  examination  of,  20,  22, 

26 
electrical      reactions      following 

nerve  injury,  20,  59 
how  affected  by  functional  and 

organic  paralysis,  44 
loss    of    sensation    after    nerve 

division,  28 
massage  and  movements  for,  79  ̂ 
motor  fibres  conveying  impulses 

to,  3 
non-response  to   electrical  mea- 

sures  a   sign   of   nerve   de- 
generation, 59,  60 

paralysed,     cases     resistant     to 
treatment,  105 

essential  points  in   treatment 
of,  72,  73 

following  nerve  division,  28 

hj^erexcitable  to   direct  per- 
cussion, 56 

pathognomonic  of  organic  dis- 
ease, 44 

pathological  changes  in,  23-5, 

72 response  to  faradic   stimulation 
in  functional  paralysis,  43 

spastic   and   flaccid,   consistence 
of,  following  injury,  19 

supplied      by      injured      nerve, 
changes  in,  71 

treatment  directed  to  changes  in, 
in  mixed  nerve  injuries,  71, 

72 
"trophic"    influence    of   nerves 

on,  4 
see  also  Nerves 

Muscular  recovery, 
delayed  operation  not  favovirable 

to,  65 
Muscular  tremor, 

following  injury,  18 
Muscular  wasting. 

following  injury,  18 
Musculo-cutaneous  nerve, 

characteristics,  193 
injuries  to,  194 

Musculo-cutaneous  nerve  {cont.), 
origin  and  distribution  of,  193, 

214 

paralysis    of,     case    illustrating. 
194 

condition  in,  1 94 
{illustration),  195 

splinting  in  lesions  of,  76 
Musculo-spiral  nerve, 

characteristics,  184,  185 
branches  of,  185 
common  sites  and  causes  of 

injury,  186 
contusion,  case  illustrating,  191 
distribution  and  functions,  184, 

185 

inj\iry  with  functional  anaesthesia 
and  paralysis  {illustration), 53 

portion  of  radial  nerve  trans- 
planted between  separated 

ends  of  {illustration),  94 
sensory  loss  accompanying  lesion 

{illvstration),  190 
severed,  muscular  return  satis- 

factory after  uniting,  66 
tendon  transplantation  in  injury 

to,  105 
treatment  by  transplantation,  94 

Musculo-spiral  paralysis, 
electrical  reactions,  189,  190,  191 
following  toxic  absorption,  41 
from  compression,  188,  189 

motor  symptoms,  case  illustrat- 
ing, 188 

of  radial  branch,  type  of  anes- 
thesia following,  17 

sensory  symptoms,  case  illustrat- 

ing, 190-1 splint  for,  74 
{illustrations),  74,  75 

{illustrations),  188,  189 
Myelin, 

changes  in  nerve  division,  4 
medullary  sheath  composed  of,  I 

Myositis, 

ischsemic,  anaesthesia  in  {illus- tration), 39 
Nails, 

changes  in,  following  nerve  divi- sion, 8 

increased  growth  and  curvation 
of,  6 Neck, 

aneurysm  in,  irritation  of  cervical 
sympathetic  by,  125 

motor  points  of  {illustration),  21 
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Nerve  bulbs, 
{illustrations),  8,  9,  10 

Nerve  callus,  87,  90 
Nerve  deafness,  118 
Nerve  degeneration, 

non-response  of  muscles  to  elec- 
trical measures  a  sign  of,  59, 

60 
Nerve  fibres, 

characteristics,  2,  3,  30 
degenerating  [illustration),  4 
degeneration     following     injury, 

method  of  examination,  23-5 
normal  {illustration),  2 
structure  and  composition  of,  1 
uncovered     by     their     normal 

sheath,  87 
Nerve  injuries, 

see  Injuries 
Nerve  section,  complete, 

obstinate  to  treatment,  81 
Nerve  trunks, 

characteristics,  2 
fibres  and  structures  of,  30 
incomplete  division  of,  29,  30 
mixed,  motor  and  sensory  fibres 

of,  2,  3 
normal,  cut  surface  of  {illustra- 

tion), 85 
Nerves, 

altering^  position  of,  to  shorten 
course,  93 

blood  vessels  supplying  structure 
of,  2 

complete  section  of,  81 
compressed,  see  Compression 
concussed,  characteristics,  causes, 

and  symptoms,  34,  80 
contusion     of,     nature     of     the 

condition,  32,  80 
divided,  see  Divided  nerve 
ensheathing  of,  85 
examination    of,    electrical    me- 

thods, 20-6 
fibrosed,  treatment,  90 
how  to  be  held  and  lifted   up 

during  operation,  83 
paralysis  produced  by  pressure 

of  aneurysm  or  new  growth, 
40 

partially  cut,  80 
structure  of,  1,  2,  85 
surgery  of,  observations  on,  67 
thickening  with  adhesions,  60 
torn  or  lacerated,  s^Tuptoms  and 

characteristics,  32 

'trophic"    influence    on    struc- 
tures to  which  distributed,  4 

16 

Nerves  {continued), 
see  also  under  names  of  individual 

nerves  ;  also  Divided  nerve  ; 
Muscles ;   Injuries,  etc. 

Nervi  nervorum, 
distribution  of  nerve  fibres  to,  2 

Nervus  intermedins, 
functions  of,  115 

Neurilemma  sheaths, 

duringner\'e regeneration,  8,  9, 10 
substance  and  function  of,  1 

Neuritis,  31 
interstitial  (painful)    of   internal 

popliteal  nerve,  223,  224 
peripheral,     characteristics     and 

symptoms,  40 
resulting  from  toxic  absorption, 

41 Neurolysis, 
how  performed,  98 

Neuroma, 

central,  complete  interruption  of 
nerve  by  {illustration),  88 

definition  of,  88 
lateral  {illustrations),  95, 96,  97,  98 

Neurone, 

lower,  paralysis  of,  detection  of 
area  affected,  54,  55 

position  and  function,  53 
paralysis    of    upper    and    lower, 

differential  diagnosis,  54 

upper,  position  and  function  of,  53 
Node  of  Ranvier, 

definition  of,  1,2 
Nodular  swelling  on  nerve,  61 

Obturator  nerve,  207 
diagnosis  and  rarity  of  injury  to, 227 

distribution  of,  227 
injury  to,  case  illustrating,  227, 228 

paralysis  of,  227 
Occipital  nerve  (small), 

site  and  path  of,  125 
Occupational  exercises,  80 
Ocular  nerves, 

distribution,  areas,  and  functions 
of.  111,  112 

(fourth),  injury  to,  patient's  char- acteristics, 111 

(sixth),  paralysis  of.  111 
(third),    complete    paralysis     of, 

patient's  condition,  112,  113 
Ocular  palsies, 

detection  of,  111 
intracranial   haemorrhages    often 

associated  with,  111 
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Olfactory  nerves, 
course  and  distribution  of,  110 
injured,   how  sense   of   smell   is 

tested,  110 
injuries  to,  110 

Operations, 
asepsis  imperative  in,  83 
class  of  cases  demanding,  81 
essential  points  in,  70,  71,  83 
failure  of  recovery  following,  6G, 

104, 105 
for  liberation  from  compression, 

68 

general  observations  on,  67 
neurolysis,  how  performed,  98 
primary  versus  secondary  suture, 

62 
results  of,  depending  largely  on 

non-operative  treatment,  67 
suture  in,  technique,  83,  84 
to    expose   the   brachial   plexus, 

153-5 see  also  Treatinent 
Ophthalmic  nerve, 

source,  distribution,  and  function 
of,  112 

Organic  paralysis, 
and  fimctional  combined,   char- 

acteristics   and    case    illus- 
trating, 48 

diagnosis  of,  43,  53,  54 
reflexes  in,  44 

Osmic  acid, 
use  during  course  of  ojDeration,  90 

Pain, 

areas    of,    following    incomplete 
nerve   division,    characteris- 

tics, 31 
in  interstitial  neuritis  of  internal 

popliteal  nerve,  223,  224 
of  median  nerve  lesions,  1 75,  1 76 
of  ulnar  paralysis,  161,  162,  166 
sacral    root,    in    cauda    eqiiina 

lesions,  205 
see  also  Causalgia 

Pain  pressure,  14 
Pain  sensation, 

how  tested,  15 
Palate, 

paralysis  of,  resulting  from  injury 
to  vagus,  119 

unilateral  paralysis  of,  how  recog- 
nized, 119 

Palmar  muscles, 
wa«ting  of,  143-7 

in  median  and  ulnar  jiaralysis 
{illvstration).  181 

Palpation, 

in  clinical  investigation  of  motor 
functions,  18 

Papier  mach6  wrist  splint,  74 
Paralysing  agents, 

fibrosing  tissue  and  callus  as,  61 Paralysis, 

complete,  indications  for  opera- 
tive measures,  61 

dissociated,  30 
hysterical,  and  reflex,  differential 

diagnosis,  55 
cases  illustrating,  49-53,  57 

ischaemic,  36 

cases  illustrating,  36-40 moral,  79 

motor,  diagnosis  of,  18 
reflex,  55 

see  also    under   names  of  indivi- 
diuil  nerves Paresis, 

development  into  definite  paraly- 
sis, 61 

Parsesthesia, 

areas  of,  how  mapped  out,  15 
Parotid  gland, 

growths  of,   and  operations  on, 
facial   nerve   frequently   in- 

jured by,  115 Passive  movements, 
during  treatment,  79 

Pectoralis  major, 

paralysis  of,  through  division  of 
fifth  cervical  root,  140,  141 Penis, 

anaesthesia  of,  199 
Percussion, 

hyperexcitability  of  muscles  to, 
56 

Perineum, 

"  saddle-shaped,"   area  of  ana-s- 
thesia  on,  cause,  1 99 

sensory    area    of,    nerve    roots 

supplying,  198,  199 Perineurixxm, 

composition  and  function  of,  2 
Peripheral  nerve, 

anaesthesia  and  analgesia  follow- 
ing lesion  of,  17 

untl  posterior  roots,  injuries  to, 
differential  diagnosis,  55 

characteristics  of  the  nerve  fibres, 
2 

complex  nature  of  sensation  in, 
14 

injuries,  conditions  simtilating,  43 
paralysis,  prognosis  of.  59 
structure  of,  1.  84,  85 
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Peripheral  neuritis, 
and  trench  feet,  41,  42 
characteristics  and  symptoms,  40 

Peroneal  nerve, 
see  Popliteal  nerve,  external 

Peronei, 
paralysis  of,  214 

(illustration),  215 
Pharynx, 

anaesthesia  of,   glossopharyngeal 
nerve  injury  causing,  118 

Phrenic  nerve, 
division  resulting  in  paralysis  of 

diaphragm,  128 
injuries  to,  causes  and  results,  128 
path  and  fvmction  of,  127 
persistent      coughing      resulting 

from  inclusion  in  ligature,  128 
section  of,  death  with  pulmonary 

symptoms  following,  128 
Pin-pricks, 

analgesia  to,  in  peripheral  nerve 
lesion,  17 

Plantar  nerve, 
external,  distribution  of,  220 
internal,  distribution  of,  220 

Pneumogastric  nerve, 
danger  of  injury  to,  in  thyroid 

operations,  119 
injuries  to,  causes  and  varieties, 

119 
its  distribution  and  functions,  119 
manipulation   of,    during   opera- 

tion, 119 
paralysis   of  palate   and   larynx 

resulting  from  injury  to,  119 
Polar  equality,  24 
Polar  inversion,  24 
Poliomyelitis,  55 
Popliteal  nerve,  external  (peroneal), 

condition     of     injured     segment 
(illustration),  89 

course  of,  208 
differentiation    of    sciatic    nerve 

into  (ilhistration) ,  5 
gunshot  wound  in  which  segment 

resembles      fibrous      tissue, 
treatment  (illustration),  89 

injuries  to,  causes  and  frequency 
of,  214 

injury  to  (illustration),  6 
more  vulnerable  than  the  tibial, 

209 

motor    sjrmptoms    and    sensory 
phenomena,  214 

paralysis,  case  illustrating  return 
of  protopathic  sensation,  G3, 
64 

Popliteal  nerve,  external  (cont.), 
paralysis       following       gunshot 

wound     of     right     buttock 
(illustration),  215 

percentage  of  affections  in  lesions 
of  the  great  sciatic,  210 

structure  and  characteristics,  208 
vasomotor  and  secretory  pheno- 

mena, 215 
wound  involving  only  fibres  of 

anterior  tibial  (illustration), 218 

Popliteal  nerve,  internal  (tibial), 
areas  supplied  by,  214,  219 
branches  of,  219 
course  of,  208 
funiculi  of  (illustration),  5 
motor  and  sensory  symptoms  of, 

221 

painful    interstitial    neuritis    of, 
with  paralysis  of  small  scia- 

tic, 223, 224 
pains  associated  with  injuries  to, 222 

paralysis  of  motor  symptoms  of 
(and  illustrations),  218 

paralysis  of,  parts  affected,  221, 
222 

percentage  of  affections  in  lesions 
of  great  sciatic,  210 

structure  and  characteristics,  208 
see  also  Tibial 

Popliteal  paralysis,  external, 
backward  displacement  of  femur 

producing  (illustration),  101 
femur  fracture  causing  (illustra- 

tion), 34 
tendon  fixation  in,  106 

Popliteal  surface, 
second    sacral    root    supplying, 

197-9 Posterior  thoracic  nerve, 
see  Thoracic  nerve 

Posterior  interosseous  nerve, 
see  Interosseous  nerve 

Posterior  tibial  nerve, 
see  Tibial  nerve 

Posture, 

in  clinical  examination  of  motor 
functions,  18 

Poupart's  ligament, 
sensory  areas  in  neighbourhood 

of,  197 
Pressure  pain,  14 
Pressure  sense, 

how  tested,  16 
in  ulnar  and  median  paralysis, 

cases  illustrating,  68,  69 
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Primitive  end-bulb, 
(illustration),  8 

Prognosis, 
affected  by  site  of  lesion,  66 
after  relieving  compression,  67,  68 
after  suture,  62 
electrical    reactions    of    muscles 

favouring,  59 
general  observations,  59 
response  to  treatment  most  im- 

portant factor  in,  61 
septic  wovmds  affecting,  65 
varies  with  different  nerves,  66 

Projectile  wormds, 
question  of  immediate  suture  in, 

70,71 
Prosthetic  appliances,  106 

for  musculo-spiral  paralysis  (il- 
lustration), 75 

Protopathic  fibres, 
regeneration  of,  after  injury,  14 

Protopathic  sensibility, 
loss  and  recovery  of,  in  peroneal 

paralysis,    case   illvistrating, 
63,  64 

nature  and  characteristics  of,  4, 
11 

preventing  formation  of  ulcers,  65 
recovery  of,  after  nerve  division, 

11 
recovery    of,    in    primary    and 

secondary  suture,  63,  64,  65 
skin    areas    without,    liable    to 

injury,  8 
testing  for,  7,  14 

Pseudo-continuity,  88 
Pterygoid  muscles, 

cause  and  detection  of  injury  to, 
113, 114 

Pudendal  plexus, 
characteristics    and    distribution 

of,  207 
Pudic  nerve,  207 
Pupils, 

inequality    of,    in    paralysis    of 
cervical    sympathetic,     124, 
125 

in  paralysis  of  third  nerve,  112 

Quadriceps  extensor  cruris, 
(illustration),  226 

Radial  nerve, 
course  and  function  of,  185,  186 
fractures  of,  ischiemic  paralysis 

following  (illustration),  37 
interosseous  nerve  occasionally 

injured  in,  187 
injuries  to,  characteristics,  192 

Badial  nerve  (continued), 
paralysis  (illustration),  193 
portion  transplanted  between  se- 

parated   ends    of    musculo- 
spiral  nerve,  94 

Ranvier,  node  of,  1 ,  2 
Reaction  of  degeneration, 

in  facial  paralysis,  117 
meaning  of  the  term,  23 
not  present  in  functional  paraly- 

sis, 43 
Rectiun, 

loss    of    control    of,     in     conus 
meduUaris  lesion,  205 

in  lesion  of  Cauda  eouina,  197, 
199,  203 

Reflex  paralysis, 

cases  illustrating,  55—8 
characteristics,  65,  56,  57 

median  paralysis  with   (illustra- 
tion), 56 

of  left  hand,   cases  illustrating, 
57,  58 Reflexes, 

deep,  in  upper  and  lower  limbs,  44 
in  organic  and  functional  para- 

lysis, 44,  54 
in    upper    and    lower    neurone 

lesions  compared,  54 
Regeneration,  14 

process  of,  8-11 test  for,  11,  12 
Rhomboids, 

paralysis  of,  generally  associated 
with    paralysis    of    serratus 

magnus,  156 
Root  area  distribution, 

of  the  brachial  plexus  (illustra- 
tion), 130 

Sacral  nerve  roots,  197 
loss  of  sensory  fimctions  in  area 

of,    from    injury    to    cauda 
equina  and  conus  medullaris, 
204 

pains  in  cauda  equina  lesions,  205 
sensory  and  motor   distribution 

of,  197,  198,  199 
Sacral  plexus,  208 

formation  and  distribution  of,  207 Sacrum, 

ancPsthesia  of.  from  cauda  equina 
lesions,  199 

Saphenous  nerve,  external, 
formation  and  distribution  of ,  2 1 9 

Saphenous  nerve,  internal, 
injuries  to,  226 
region  supplied  by,  225 
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Scapula, 
displacement  of,  in  paralysis  of 

serratus     magnus     {illustra- 
tion), 156 

in  paralysis  of  trapezius  (illus- 
tration), 121 

Schwann,  nucleated  sheath  of, 
structure  and  function  of,  1 

Sciatic  nerve  (great), 
bullet-wound  of,  case  illustrating 

suture,  92 
distribution  of,  207,  208 
division  of,  92,210 

(illustration),  5 
foetal,  distribution  and  structure 

of,  30 
(illustration),  29 

injuries  to,  characteristics,  209 
percentage    of    peroneal    and 

tibial  lesions,  209,  210 
paralysis    of,    cases   illustrating, 

210-2,  223 
sensory  loss  in  ( illustration),  213 
symptoms  and  case  illustrating, 

210,223 
(illustrations),  209,  210,  211 

structure  and  characteristics,  207 
with  adhesions,  treatment,   101, 

102 
Sciatic  nerve  (small),  207 

and   inferior    gluteal,    combined 
lesion  of,  224 

(illustration),  224 
paralysis     of,     case    illustrating 

symptoms,  223 
(illustration),  223 

Sclerosing  fibrous  tissue, 
causing  compression,  33 
formation   of,    and   compression 

due  to,  35,  36 
prevention  of,  35,  36 

Scrotiim, 
sensory  supply  of,  198,  199 

Segments, 
excision  of,  90,  91 

Sensations, 
abnormal  subjective,  16 

Sensibility, 
classes  of,  in  peripheral  nerve,  14 
clinical  investigation  of,  method, 

15 

"  patchy  "  loss  of,  33 
recovery  of,  after  nerve  division, 

11,  12 
in     primary     and     secondary 

suture,  period  of,  63 
see  also  Protopathic  sensibility  ; 

Epicritic  sensibility 

Sensory  areas, 

mapping  out  of,  14 
Sensory  distribution, 

of  the  brachial  plexus  (illustra- 
tion), 130 

of  the  Cauda  equina,  197-9 
Sensory  functions, 

examination    of,    methods    and 
maxims,  13 

recovery  of,  following  secondary 
suture,  65 

Sensory  nerve, 
diagram  illustrating,  3 

Sensory  nerve  fibres, 
alteration  in  function  following 

division,  5 

of  mixed  nerve  tnink,  2,  3 
sensory     impressions     conveyed 

by,  3 
varieties  of  sensibility,  14 

Sensory  symptoms, 
of  peripheral  neuritis,  40 Sepsis, 

affecting  prognosis,  65 
fibrosis  mainly  dependent  on,  86 
injuries    complicated   by,    grave 

prognosis,  62 
Septicfemia, 

neuritis  of,  41 
Serratus  magnus  muscle, 

functions  of,  157 
paralysis  of,  characteristics  of  the 

deformity,  157 

conditions  generally  associated 
with,  156 

(illustration),  156 
supplied    by    posterior    thoracic 

nerve,  155,  156 
Sexual  power, 

loss  of,  in  Cauda  equina  and  conus 
meduUaris  lesions,  205 

Sherren, 

on   recovery   of   functions   after 
secondary  suture,  65 

Short  saphenous  nerve, 
see  Saphenous  nerve 

Sho\ilder, 

bullet-wound  of,  causing  hysteri- 
cal paralysis  of  arm,  1 50,  151 

contour    of,    in    paralysis    and 
atrophy  of  the  trapezius,  121, 
122 

Shoulder  abduction  splint, 
(illustration),  77 

Shoulder  girdle, 

injuries  associated  with  lacera- 
tion of  muscles,  tendons, 

and  ligaments,  139 
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Signe  de  fourmillement,  11 
Skin, 

changes  following  nerve  division, 

7,8 areas  of  anaesthesia,  how  mapped 
out,  15 

areas  without  protopathic  sensi- 
bility liable  to  injury,  8 

"  trophic "    influence    of   nerves 
on,  4 

Skull, 

wovmds     traversing     base      fre- 
quently fatal,  110 

'  leep  paralysis, 
due    to    injury    through    com- 

pression, 34 
Smell, 

sense  of,  how  tested,  110 
Sphincter  iridis, 

paralysis   causing  dilated  pupil, 
112 

Sphincters, 
anaesthetic    incontinence    of,    in 

injury  to  lower  cauda  equina 
and  conus  medullaris,  203 

Spinal  accessory  nerve, 
anastomosis     to     fifth     cervical 

(illustration),  95 
characteristics,  distribution,  and 

functions  of,  120 
injury    to,     characteristics    and 

results,  120,  121 
paralysis    following    removal    of 

tuberculous     glands     (illus- 
tration), 120 

(illustration),  121 
Spinati, 

paralysis  and  wasting  of,  follow-' 
ing    gunshot    wound    (illus- 

tration), 157 
wasting  following  rupture  of  fifth 

and     sixth     cervical     roots 
(illustration),  132 

wasting  in  injury  to  fifth  cervical 
root,  139,  140,  141 

Spino-muscular  neurone, 
see  Neurone,  lower 

Statistics, 
of  cases  of  nerve  injuries,    108, 

109 

Stereognosis,  16 
Sternal  nerve, 

site  and  path  of,  125 
Stemo-mastoid, 

in    relation    to    injuries    of    the 
spinal  accessory,  120,  121 

(left),    appearance    on    rotating 
head  (illustration),  120 

Stemo-mastoid  (continued), 
paralysis   of,   signs   and   charac- 

teristics, 120,  121 
(right),  atrophy  and  paralysis  of 

(illustration),  121 
Strabismus,  external, 

accompanies  complete  paralysis 
of  third  ocular  nerve,  112 

Stump  neuralgia,  107 
Subclavian  artery, 

ligature  of,  phrenic  nerve  liable 
to  be  injured  during,  128 

Subscapular  nerve  (long), 

paralysis  of,  1 96 
Subscapularis, 

paralysis  of,  146 
Suggestion, 

production    of   hysterical    anaes- thesia by,  50 

Superior  gluteal  nerve, 
see  Gluteal  nerve 

Supinator  longus, 
paralysis  of,  146,  187 

Suppuration, 
retarding   effect  upon   regenera- 

tion of  nerve,  66 
suture  impossible  during,  70,  71 

Supra-spinatus  muscle, 
see  Spinati 

Sural  branch, 

of  internal  popUteal  nerve,  214 
Surgical  measures, 

general  observations,  67 Suture, 

asepsis    the    great    essential    for 
success  of,  65,  70 

direct,  cases  in  which  flexion  of 
joint  is  necessary,  92 

end    to   end,  directions  for,   83,. 
84 

immediate,  question  of,  in  pro- 
jectile wounds,  70,  71 

impossible    during    suppuration, 
70,71 

in  various  types  of  injuries,  83-5,. 
88-9,  92,  93,  96,  97,  98 

post-operative  measures,  import- ance of,  67 

primary,    suppuration    affecting,^ 65 

the   treatment   for   a   divided 
nerve,  70 

primary  yersMssecondary,  62, 70 
prognosis  after,  62 
protection  of,  by  investing  tube, 

85 
recovery  of  functions  in  primary 

and  secondary,  63 
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Suture  (continued), 
secondary,  in  ulnar  and  median 

paralysis,    case   illustrating, 
64 

pre-operative  and  post-opera- 
tive   treatment,    both    im- 

portant, 66 
return  and  non- return  of  motor 

and  sensory  functions  follow- 
ing, 65 

Sweating, 
following  nerv^e  division,  31 

Symptoms  of  nerve  injuries,  27-42 
completeness   or   incompleteness 

of,  60 
increase  of,  in  spite  of  treatment, 

61 
occurring  immediately  on  receipt 

of  tramna,  28 
occurring  independently  of  any 

known  traiuna,  40-41 
occiirring     subsequent     to,     but 

consequent    upon,     tra\ima, 
35-40 

Synsesthesalgia,  32 
Synovial  membrane, 

adhesions  of,  73 

TaUpes  equino-varus, 
through  external  pophteal  para- 

lysis, 214 
Taste, 

deficient,  in  anterior  two-thirds, 
116 

in  posterior  third  of  tongue,  118 
injury  of  facial  nerve  in  relation 

to,  116 
Temperature, 

differences    in,    following    nerve 
injury,  15 

Temporal  bone, 
injury  to  Fallopian  aqueduct  in, 

115 
Temporal  muscle, 

injury  to,  cause  and  detection  of, 
113 

Tendon  fixation,  106 
Tendon  transplantation, 

technique,  105 
Tendons, 

to  be  frequently  moved  in  their 
sheaths,  72 

Teres  major, 
paralysis  of,  146 

Thenar  eminence, 

-wasting  oi  (illustration),  181 
Thermalgia, 

see  Causalgia 

Thigh, 

anaesthesia  of  front  of,  cause,  226 
anaesthesia  over  posterior  surface, 

from  lesion  of  small  sciatic, 223 

foetal,  section  through  proximal 
part  of  (illustration),  29 

nerve  of  adduction  of,  227 
sensory    areas    of,    nerve    roots 

supplying,  197-9 Thigh  muscle,  anterior, 
motor  points  of  (illustration),  24 

Thoracic  nerves, 

injuries  to,  195 
commonest  cause  of,  156,  157 

supraclavicular      region      fre- 
quently      associated       with 

other  nerve  lesions,  156,  157 
source,  distribution,  and  function 

of,  155 Thumb, 

combined   reflex   and   hysterical 
paralysis  of,  57 

(illustration),  58 
hysterical  paralysis   of  (illustra- 

tions), 50,  58 

hysterical  spasm  of  hand  follow- 
ing bayonet-wound  of,  49 

loss  of  power  of  adducting,  164 
paralysis  of,  in  median  and  ulnar 

injury     (illustrations),     182, 183 

Thyroid  operations, 
danger    of   injury    to    recurrent 

laryngeal  nerve,  119 Tibia, 

bullet   fracture,   posterior   tibial 
paralysis  from,  221,  222 

Tibial  nerve,  see  also  Popliteal 
Tibial  nerve,  anterior, 

distribution  of,  216 
motor  symptoms,  218 

paralysis  of ,  2 1 7 
(illustration),  217 

sensory  phenomena,  218 
Tibial  nerve,  posterior, 

branches  of,  220 
distribution  of,  220 
division   and   paralysis   of,    case 

illustrating   symptoms   (and 
illustration),  221,  222_ 

paralysis  of,  case  illustrating,  221 
(illustration),  222 

Tibial  nerve,  recurrent, 
distribution  of,  214 

Tibialis  anticus, 

paralysis  of ,  2 14,  2 1 5,  2 1 7,  2 1 8 
(illustrations),  215,  216 



248 INDEX 

Tinel's  sign, 
of  nerve  regeneration,  11,  12 

Tingling  test, 
for  nerve  regeneration,  1 1 

Toes, 

flexion    impossible    in    internal 
popliteal  injury,  221 

paralysis  of  extensors  of,  214 
{illustration),  215 

see  also  Foot 
Tongue, 

atrophy  of,  resulting  from  para- 
lysis of  the  hypoglossal  (il- 

lustration), 122,  123 
Tonico-clonic  spasm, 

of  muscles  of  the  leg,  48 
Touch  sensation, 

how  tested,  15 
Traction  injuries, 

symptoms  and  characteristics,  32 
T  ransplantation , 

directions  for,  93,  94 
(illustration),  94 

of  tendons,  technique,  105 
Trapezius, 

paralysis   and   atrophy   of,   how 
recognized,  121,  122 

right,  atrophy  and  paralysis  of, 
case  illustrating,  121 

Trauma, 
see  Injury 

Treatment, 
by  anastomosis,  directions  for,  94 
by  bridging,  94 
by  shortening  course  of  the  nerve, 

93 
by  suture,  technique,  83,  84 
by  tendon  transplantation,  105 
by  transplantation,  directions  for, 93 

class  of  case  resistant  to,  81,  104, 
105 

directed  to  prevention  of  muscle 
changes     in     mixed     nerve 
injuries,  71 

electrical,   instructions   and   ob- 
servations, 78,  90,  91 

essential  points  in,  70,  71 
in  complete  division,  87 
massage  in,  79 
non-operative,  results  of  opera- 

tions depending  upon,  67 
non-operative  and  expectant,  73 
of  bulbous  ends,  84,  89 
of    diverse    lesions     of    several 

nerves  in  one  wound,  102 
passive  movements  in,  79 
position  of  injured  limb  during  ,73 

Treatment  {continued), 
response  to,  important  factor  in 

prognosis,  61 
splinting  in,  74-8 when  division  is  incomplete,  95 
when  ends  are  distinctly  separ- 

ated, 87,  92 
when  foreign  body  is  lodged  in 

the  nerve,  104 
when  injured  segment  of  nerve 

resembles  mass  of  fibrous 
tissue,  90,  91 

when  nerve  is  adherent  to  some 

adjacent  structure,  101 
when  nerve  is  completely  divided, 

87 

see  also  Divided  nerve 
when  nerve  is  compressed,  98 
when  nerve  is  embedded  in  dense 

fibrous  tissue,  98 

when  segments,  though  not  bul- 
bous, are  profoundly  altered, 

89-91 
when  there  is  pseudo-continuity, 

88 
see  also  Operations 

Trench  feet, 

a  condition  of  peripheral  neuritis, 
case  illustrating  (with  illus- 

trations), 41,  42 
symptoms  and  characteristics,  41 Triceps, 

paralysis  of,  147 
through    injury     of    brachial 

plexus,  140,  141,  142 
Trigeminal  nerve. 

complete  paralysis  from  travuna 
rare,  114 

gunshot  injury  to,  case  illustrat- 
ing, 113 

injury  to,  muscles  affected  by, 
112,  113 

other  nerves  frequently  injured 
with,  114 

sensory  and  motor  roots  of,  their 
distribution    and   functions, 

112-4 Trophic  changes, 
in  divided  nerve,  7 

Trophic  influence, 
of  nerves  to  structures  to  which 

distributed,  4 
Trophic  ulcers, 

of  fingers  in  paralysis  of  ulnar 
nerve  (illustration),  7 

Tuning  fork, 

vibration  sensation  produced  by 
14.  16 
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Ulcers, 
in  areas  with  lost  sensibility,  8 
recovery    of    protopathic    sensi- 

bility preventing  formation 
of,  65 

Ulna, 
fractured,  ischsemic  paralysis  fol- 

lowing improper  treatment, 
37 

Ulnar  and  median  paralysis, 
see  Median  and  ulnar 

Ulnar  nerve, 
and     internal     cutaneous,     em- 

bedded in  gunshot  wound  of 
humerus,  102 

bullet-wound,    without    sensory 
loss     and    with    joint-sense 
normal  {illustration),  162 

compression  in  scar  tissue,  68 
cutaneous    supply    {illustration), 

161 

delayed  paralysis  of,  166,  167 
distribution  and  function  of,  1 59 
divided,    ends    of    {illustration), 

93 

position  altered  to  shorten  its 
course  {illustration),  93 

embedded  in  fibrous  tissue,  treat- 
ment {illiistration),  99 

gunshot  wound,   above  internal 
condyle     of     left     humerus 
{illustration),  163 

incomplete  lesions  of,  166 
injuries  to,  causes,  160 

prognosis  affected  by  site  of,  67 
motor  symptoms,  162 
pain  at  moment  of  injury,  nature 

of,  161,  166 
secondary    suture    of,    frequent 

non-recovery  of  epicritic  sen- 
sation following,  66 

sensory  symptoms,  160,  161 
severe  compression  of,  and  divi- 

sion of  median,  appearance 
of  hand  {illustration),  6 

sweating    less    than    in    median 
palsy,  166 

symptoms       simulating       other 
lesions,  166 

transposition  of  trunk,  167 
trophic  ulcers  with  {illustration),  7 
vasomotor  and  trophic  changes, 

165 
Ulnar  neuritis, 

delayed,  characteristics,  166,  167 

Ulnar  paralysis, 

case  illustrating,  167-9 
glove  with  elastic  webbing  for, 

77 
{illustration),  78 

pressure  sense  in,  68 
reUef  of  compression  in,  68 
sensory  loss  in  {illustration),  68 
splinting  in,  77 
{illustrations),  168,  169 

Urethra, 

anaesthesia  of,  in  cauda  equina 
lesion,  204 Uvula, 

movement  in  paralysis  of  palate, 119 

Vagus, 

see  Pneumogastric  nerve 
Vibration  sense, 

tested  and  produced  by  tuning 
fork, 14, 16 

Voluntary  movements, 
following  injury,   how   detected 

19,20 

Walking  apparatus, 
for  foot-drop  {illustration),  76 Weight, 

of  injured  limb,  significance  of, 
19,20 Whitlow, 

of  left  thumb,  reflex  and  hysteri- 
cal paralysis  following,  57 Wounds, 

condition    of,    complicating    the 
nerve  injury,  62 

suppuration  of,   retarding  effect 
upon  nerve  regeneration,  66 

see  also  Suppuration Wrist, 

condition  in  musculo- spiral  para- 
lysis, 187,  190,  191 

{illustration),  188 
flexed,  treatment,  37,  38 
flexion    and    extension    of,    how 

tested,  19 

paralysis   from  bullet-woimd  in 
shoulder,  150 

paralysis    of    flexors    of,    cases 
illustrating,  143-6,  149 

tendon  transplantation  in  injuries 
of,  105,  106 Wrist-drop, 

see  Drop  wrist 
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